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SCIENCE PROGRESS 

RECENT ADVANCES IN SCIENCE 

XEATBZUA^nCS. By Philip E. B. Joukdain, M.A., Cambridge. 

At the meeting of the American Mathematical Society on 
December 27 and 28, 1918, it was voted that a committee of 
three should be appointed to report to the Council at the April 
meeting on “ steps which should be taken to organise or .pro¬ 
mote the publication, in America or elsewhere, of an adequate 
and comprehensive survey of the current mathematical litera¬ 
ture of the world.” The committee appointed was E. W. 
Brown, G. A Miller, and R. C. Archibald {Amer. Math. Monthly, 

, 1919, 26 , 90). At this moment the present quarterly account 
of recent work in mathematics is the only one in English 
which aims at any high degree of completeness: it is not 
creditable to the Gkivemments and scientific institutions of 
English-speaking countries that this work should have been 
left to private endeavour {cf. Scienice Progress, 1917, 11 , 
686-90). ^ 

An account of the latest doings of the Mittag-Lefiler Insti¬ 
tute for pure mathematics appears elsewhere in the present 
number. 

. Education, —^E. J. Moulton {Amer. Math, Monthly, 1918, 25 , 
429-34) considers the content of ” a second course in calculus.” 
B. A. Howard {Math. Gas. 1919, 9 , 317-21) considers the 
teaching of geometry to first-year pupils (c/. Science Progress, 
1919,18, S2i). 

A report of the teaching committee of the Mathematical 
Association on the teaching of mechanics is published in the 
Math. Gas. (1918, 9 , 265-92). The concluding part of a sug¬ 
gested introduction to infinite series by W. J. Dobbs is'also 
published in the same Gazette (fpip, 9 , 299-301). 

In these accounts of Recent Advances, mention has pre¬ 
viously j(SaENCE Progress, 1916, 10 , 607) been made of the 
" Research Papers ” of the University of Edinburg. The 

I 
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SCIENCE PROGRESS 

papers for 1916,1917, and some of those for 1918 have now been 
published, and are, like the ones spoken of before, extracts from 
the Proceedings of the Edinburgh Mathematical Society and 
Proceedings of the Royal Society of Edinburgh of original con¬ 
tributions to mathematics made by Prof. E. T. Whittaker and 
his pupils. Accounts of the papers will be given in their 
proper places, but here it is necessary to mention the extremely 
valuable work which, it would seem alone in British univer¬ 
sities, is being done at Edinburgh, chiefly by the Professor 
there, in encouraging and systematising original work. 

History. —George Sarton {Science, 1919, 48 , 170—i) an¬ 
nounces that the publication of Isis, his Belgian quarterly 
devoted to the history of science, which was interrupted in 
1914, will shortly be resumed with collaboration—^principally 
of Charles Singer (c/. also Amer. Math. Monthly, 1919,26,118-19). 
Cf. also Science Progress, 1917, 11 , 452, and 1919, 18 , 364. 

Philip E. B. Jourdain {Mind, 1919, 28 , 123-4) adds some 
remarks in explanation of his previous artide {cf. Science 
Progress, 1916, 11 ,92) on Zeno’s arguments. F. Cajori {Science, 
1918, 48 , 577-8) draws attention to H. H. Joachim's transla¬ 
tion of the tract on indivisible lines attributed to Aristotle. It 
contains five arguments in favour of the existence sof indi¬ 
visibles, twenty-six arguments supporting the contrary view, 
and twenty-four arguments intended to establish the impossi- 
•♦bility of composing a line out of points. When Cajori says 
that he has not seen the tract used in any history of Greek 
mathematics, he overlooks the Geschiihte of Hankel and various 
recent discussions on Zeno and continuity in Mind and else¬ 
where. 

G. R. Kaye {Scientia, 1919, 25 , 3-16; cf. Science Progress, 
1919) IS, 345) shows that it is veiy probable that India 
was indebted to Greece for perhaps all of its mathematical 
knowledge. 

R. B. McClenon {Amer. Math. Monthly, 1919, 26 , 1-8) con¬ 
siders in some detail the work of Leonardo of Pisa and his 
hiber Quadratorum. 

Cajori {ibid. 15-20) maintains, against J. M. Chijd {The 
Geofmtrical Lectures of Isaac Barrow, Chicago and London, 1916), 
that Barrow cannot be credited with inventing a calculus, al¬ 
though “ he worked out a set of geometric theorems su^est- 
ing to us constructions by which we can find lines, areas, and 
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volumes whose magnitudes are ordinarily found by the analy¬ 
tical processes of the calculus.” The real point of Child’s 
work has been appreciated by most mathematicians, including 
Sir Ronald Ross (Science Progress, 1919,18, 634-5). 

C. Tweedie [Math. Gaz, 1919, 9 , 303-5) gives some notes on 
the life and works of Colin MacLaurin (c/. Science Progress, 
1916, 11, 615). 

Cajori [School Science and Math. 1918, 18 , 778-9) points 
out that Joseph Fenn, in a publication of 1769, antedated both 
Pla5rfair and Ludlam in giving “ Playfair’s parallel-postulate.” 
It may be mentioned that, as Cajori has since remarked to the 
present writer, this form of postulate was already given by 
Produs. On Fenn, we may recall a note of W. Stott (Science 
Progress, 1915, 10, 214). 

An interesting letter from Sir William Rowan Hamilton to 
Humphry Lloyd, written in 1856, which contains, among other 
things, some remarks on the theory of numbers and quaternions, 
is given in Math. Gaz. (1919, 9 , 302). 

An account of recent publications on the history of mathe- 
•matics is given in the Boll, di bibl. e storia delle sci. mat. 1918 
-[2], 1, 62-4). 

There are thorough accounts of the life and work of Adolfo 
Viterbi (1873-1917) by G. Vivanti, and Eugenio Elia Levi 
(1883-1917) by p. Fubini and G. Loria [ibid. 33-7 and 38-45 
respectively). M. J. M. Hill [Proc. Lond. Maih. Soc. 1919, 17 , 
xlii-xlix) gives a full account of the work of O. Henrici [cf. 
Science Progress, 1919, 13 , 522). The following are among 
recent deaths of mathematicians : E. R. Neovius (September 26, 
1917 ; age 67); J. H. Graf (age 66); C. Stephanos (age 60); 
0 . Reichel (age 83); G. M. Green (January 25, 1919 ; age 28); 
K. O. E. Lampe (September 4, 1918, age 77)—editor of the 
Jahrhuch %\xxs. 1885 ; S. I. Lattes (July 5, 1918, age 45)'— Anm’. 
Mailt. Monthly, 1919, 26 , 86, 89, 90. G. B. Mathews [Nature, 
1919, 108 , 49) gives a short account of the work of Ludvig 
Sylo^y, who died at the age of eighty-five on September 7, 

1918. Sylow’s most noteworthy discovery is his well-known 
theorem (1872) on groups of substitutions ; he also wrote on 
other parts of pure mathematics and edited with Lie the 
second issue of Abel’s (Euvres [cf. also Amer. Math. Monthly, 

1919, 26 , 119). A short notice of the work of the late A. M. 
Liapounoff is given in Nature (1919, 102 , 509-10). In a notice 
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{R^. de. Mitapkya. 1919, 86, 149-51) of Gaston Milhaud (^. 
Science Progress, 1919, 13 , 522), it is stated that he had 
finished a book) Descartes Savant. 

Logic and Principles of Mathematics. —C. D. Broad {Mind, 
1918, 27 , 389-404) shows that the degree of belief which we 
actually attach to the conclusions of well-established induc¬ 
tions cannot be justified by any known principle of probability, 
unless some further premiss about tiie physical world be 
assumed. Broad does not attempt to state this principle, 
but Jourdain (tA*U 1919, 28 , 162-79), who arrived independently 
at the need indicated, does. This “ principle of causality,” 
which is shown to be more fundamental than B. Russell’s ” prin¬ 
ciple of induction,” is the necessarily a priori assumption that 
there is a one-one (not many-one, as with Mach) relation be¬ 
tween the ” universe ” of mathematical physics and any part 
of it. In a continuation of this paper, Jourdain will maintain, 
against Broad, that probability is not a purely logical attribute 
of propositions which is independent of the nature of the 
particular world we happen to inhabit. 

It is of interest that, according to B. RusseU {ibid. 124), 
all the modifications in the Principia Mathemaiica made to the 
notations of Russell’s (1902) logic of relations are due to A. N. 
Whitehead. 

Jourdain {Nature, 1919, 1 (®, 45) gives in detail a very 
particular case of his theorem (c/. Science Progress, 1918, 
13 , 178) for which critics asked and in which chains of type 
® are constructed out of chains of respectively all the finite 
ordinal t3T)es. The most notable point is the emphasis laid 
on the fact that, in the arrangement of the ” chains ” of M 
in classes of ” direct continuations,” there are here none of 
these classes left over in each of which are not members of all 
finite types. The class (A„) of all those chains which are of 
ordinal t3?pe n (which exists, by hypothesis, for all finite n’s) 
assigns, without any arbitrary choice, one chain to each of the 
classes of direct continuations already formed —K forming, by 
the rule given, classes exactly like those formed already, but 
with additions. 

D. M. Wrinch {Monist, 1919, 89 , 141-5) practically repeats 
much of B. Russell’s theories about “ existence.” R. A. 
Arms {ibid. 146-52) considers the relation of logic to mathe¬ 
matics, and V. F. Lenzen {ibid. 152-60) maintains that White- 
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head and Russell, for example, fail to give a correct theory of 
mathematical deduction. 

Arithmetic, Theory of Numbers, and Algebra. —L. R. Ford 
(Proc. Edinburgh Math. Soc. 1916-17, 86; Research Paper, 
1917, No. s) proves Hurwitz’s (1891) theorem on rational ap¬ 
proximations to irrational numbers by considering the geometry 
of the classic modular division of the half-plane, and thus ex¬ 
hibits anew the remarkable connection between this geometry 
and the theory of numbers. J. H. Grace {Proc. Land. Math. 
Soc. 1919, 17 , 247-58) proves a theorem, allied with those of 
Hcrmite and Minkowski, on rational approximations, and 
gives a classification of such approximations. Grace {ibid. 
316-9) gives a result on Diophantine approximation. 

L. R. Ford {Proc. Edinburgh Math. Soc. 1916-17, 85 ; Re¬ 
search Paper, 1917, No. 2) finds some striking properties of an 
interesting class of continued fractions in which any real 
number can be developed in an infinity of ways, and contrasts 
these fractions with the continued fractions usually employed. 

H. Hallberg {Joum. Indian Math. Soc. 1918, 10, 454-72) 
concludes his paper (c/. Science Progress, 1918, 12, 543) on 
infinite series and arithmetical functions, in which he tries to 
show how asymptotic formulae in the theory of numbers may 
easily be obtained in a manner somewhat different from the 
usual one, which rests chiefly on the theory of Dirichlet’s series. 

G. N. Bauer and H. L. Slqbin {Amer. Math. Monthly, 1918, 
85 , 435-40) give several theorems on a certain system of ailge- 
braic and transcendental equations. H. T. Burgess {ibid. 441- 
4) explains a scheme which works with ease and simplicity in 
practice for finding a fundamentail system of solutions of a 
system of linear equations. E. T. ^Vhittaker {Proc. Edinburgh 
Math. Soc. 1917-18, 86, 103-6 ; Research Paper, 1918, No. 2) 
gives a formula for the solution of algebraic or transcendental 
equations. 

Whittaker {ibid. 107-1 5 ; and No. 3) gives some theorems 
on determinants whose elements are determinants. Whittaker 
also {ibid. 1916-17, 85 ; Research Paper, 1917, No. i) finds 
what Sylvester called “ the latent roots ” of all compound 
determinants and Brill’s (1870) determinants in terms of the 
latest roots of the determinant of which they are formed. 
Haripada Datta {ibid. 1915-16, 84 ; Research Paper, 1916, 
No. 5) obtains theorems on zero-axial skew Pfaffians and sym- 
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metric determinants. Sir Thomas Muir (Proc. Roy. Soc. Edin¬ 
burgh, 1918, 88, 219-25) draws attention to a notation that 
promises to be helpful in investigating the quadratic relations 
between the determinants of a 4-by-8 array. 

G. A. Miller {Trans. Amer. Math. Soc. 1918, 19 , 299-304) 
extends, especially along the line of substitution groups, his 
theorems of 1915 {ibid. 16 , 399) relating to sets of independent 
generators of a group of finite order. Miller {Amer. Journ. 
Math. 1919, 41 , 1-4) determines fundamental properties of the 
groups generated by two operators whose relative transforms 
are equal to each other. 

L. R. Ford {Proc. Edinburgh Math. Soc. 1916-17, 85 ; Re¬ 
search Paper, 1917, No. 6) explains the fact that more small 
money is required for the transaction of business in consequence 
of a uniform rise of prices. 

J. L. Walsh {Trans. Amer. Math. Soc. 19x8, 19 , 291-8) 
starts from Bdeher’s theorem (1904) concerning a problem in 
statics and its relation to certain algebraic invariants, obtains 
theorems on the location of the roots of the Jacobian of two 
binary forms, and applies his results to the roots of the deriva¬ 
tive of a rational function. 

Analysis. —K. Ananda Rau {Proc. Land. Math. Soc. 1919, 
17 , 334-6) completes the proof of a theorem stated, but not 
fully proved, by G. H. Hardy {ibid. 18 , 174-80) as to the con¬ 
clusion of the convergence of a certain series from its summa- 
bility. 

There is a very thorough review of S. Pincherle’s Lezioni 
di calcolo infinitesimah of 1915 by E. Bortolotti {Boll, di bibl. 
e st. delle sci. mat. 1918, [2] 1, 46-51). 

W. H. Young {Proc. Lond. Math. Soc. 1918, 17 , 195—236) 
obtains many important results on the convergence of the 
derived series of Fourier series by arguments based on reasoning 
analogous to that which he has already employed in a previous 
communication to the Society mentioned. This paper is con¬ 
nected with two of 1917 {Proc. Roy. Soc. A, 93 , 276-92, 455 - 67 ), 
with Young’s {ibid. 1918, A, 95 , 22-9) paper on the Ceskro con¬ 
vergence of restricted Fourier series, and with Young’s {Proc. 
Lond. Math. Soc. 1919, 17 , vi-ix, 353-66) very important proof 
that there is a certain sub-class (“ R. F. series ”) of restricted 
Fourier series such that almost all the more important pro¬ 
perties of Fourier series hold good for R. F. series in the in- 
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terval or intervals to which we restrict ourselves. The results 
lead to a notable extension of our knowledge of the behaviour 
of power series on their circle of convergence. Agam, con¬ 
nected with this are also Yoimg’s {ibid, x-xi) investigations on 
the connection between Legendre’s series and Fourier series, 
and {ibid, xi-xiii) on series of Bessel functions (c/. Proc. Roy. 
Soc. 1918, A, 94 , 292-5). 

G. H. Hardy and J. E. Littlewood {Proc. Lend. Math. Soc. 
1919, 17 , xiii-xv) indicate a proof of a theorem given without 
proof in their paper on Abel’s convergence-theorem and its 
converse, because this theorem contains the complete solution 
of the problem of Ceskro summability for the Fourier series of 
a bounded function. 

T. A. Browij {Proc. Edinburgh Maih. Soc. 1915-16, 84 , Re¬ 
search Paper, 1916, No. i) shows the relation between VHiit- 
taker’s (1915) " cardinal function ” of the functions cotabular 
with f{x) (Science Progress, 1916, 10, 435) and Fourier’s re¬ 
peated integral, gives a new derivation of Fourier’s integral 
formula, and extends the notion of j;he Fourier integral to the 
case in which the variables involved are complex. 

E. J. Wilezynski {Amer. Math. Monthly, 1919, 26 , 9-12), 
starting from the well-known fact that the existence of a scale 
of relation is a necessary and sufldcient condition that a power 
series defines a rational function, gives the corresponding con¬ 
dition for the expansion in a power series of a general algebraic 
fimction ; this condition seems to have hitherto escaped notice. 
W. F. Osgood {Trans. Amer. Math. Soc. 1918, 19 , 251-74) dis¬ 
cusses the nature of an analytic transformation in the neigh¬ 
bourhood of a singular point. M. J. M. Hill {Proc. Land. Maih. 
Soc. 1919, 17 , 320-33) applies the same method that he used 
in 1902, for obtaining by ordinary algebraic e35)ansion the 
continuations of series which have one and two singular points, 
to the case of the hypergeometric series—which has three 
singular points. 

Representations of analytic functions by means of con¬ 
tinued fractions have certain advantages over those by power 
series, but the great impediment to the use of continued frac¬ 
tions in the theory of functions and differential equations is 
the want of algorithms for adding, multiplying and differ¬ 
entiating them. Whittaker {Proc. Roy. Soc. Edinburgh, 1916, 
86, 243-55 » Research Paper, 1916, No. 6) supplies in some 
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measure this deficiency : the paper is occupied only with the 
formal algorithms, and questions relating to the convergence 
of infinite processes are therefore not considered. Haripada 
Datta {Proc. Edinburgh Math. Soc. 1915-16, 84 ; Research 
Paper, 1916, No. 4) shows that for many important known 
fimctions the continued-fraction-expression can be obtained 
directly and practically from the power series by using a known 
transformation which involves determinants, and by evalu¬ 
ating these determinants. By this method a considerable 
number of known isolated results are connected together and 
exhibited as parts of a systematic theory, and some new re¬ 
sults are obtained. Datta {ibid. 1916-17, 86 ; Research Paper, 
1917, No. 4) makes a further contribution towards the same 
object and shows, amongst other things, that the continued 
fractions given by Gauss and Heine for the quotient of two 
hypergeometric or generalised h3q)ergeometric functions may 
be obtained by a direct use of Heilermann’s (1845) transforma¬ 
tion. Datta (ibid, and No. 7) examines ca«es of failure of 
Heilermann’s theorem. 

W. Gibb (ibid. 1915-16, 84 ; Research Paper, 1916, No. 3) 
obtains certain integral relations connected with Whittaker’s 
“ confluent ” h3^ergeometric function. G. N. Watson (Proc% 
Land. Mcdh. Soc. 1919, 17 , 241-6) gives the integral formula 
for generalised Legendre functions in a form different from that 
given by E. W. Barnes in 1907. 

E. B. Stouffer (ibid. 337-52) completes his discovery (c/. 
Science Progress, 1916, 11 , 269) of a complete system of 
seminvariants for a certam system of linear homogeneous 
differential equations by the calculation of complete systems 
of invariants, semi-covariants, and covariants. The methods 
used largely avoid the solution of the complicated systems of 
partial differential equations which arise by the Lie theory. 
E. B. Elliott (Proc. Lond. Math. Soc. 1919, 17 , 306-15), in con¬ 
nection with some papers of 1912 published in the Proceedings 
(1913) of the fifth International Congress of Mathematicians 
held at Cambridge in 1912, and in subsequent papers, gives 
examples of the formal “ analysation ” of solutions of differ¬ 
ential equations of certain classes. A. B. Coble (Amer. Math. 
Monthly, 1919, 26 , 12-5) determines a particular integral of 
the linear differential equation with constant coeflScients in a 
certain special case H. P. Manning, ibid. 113). A. Milne 
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(Proe. Edinburgh Math. Soc. 1915-16, 34 ; Research Paper, 
1916, No. 2) discusses briefly a point in the method of Peano 
(1888) and Baker (1902) of solving linear differential equations. 
E. T. Whittaker {Proc. Roy. Soc. Edinburgh, 1917, 87 , 95-116 ; 
Research Paper, 1917) No. 3) obtains interesting results on the 
“ adelphic integral ’’ of the differential equations of d3mamics. 

A. S. Merrill {Amer, Joum. Math. 1919, 41 , 60-78) discusses 
completely the conditions for an extreme in the case of isoperi- 
metric problems with variable end-points. G. A. Bliss {Trans. 
Amer. Math. Soc. 1918, 19 , 305-14) deals with the problem 
of Mayer in the calculus of variations with variable end-points. 
Eleanor Pirman {Proc. Edinburgh Math. Soc. 1917-18, 36 ; 
Research Paper, 1918, No. i) proves certain results on the 
solutions of a modified Stirling’s (1730) difference equation. 
T. P. Ballantine {Amer. Math. Monthly, 1919, 26 , 53-9) shows 
that, by a suitable extension of the conceptioi/of the difference 
quotient, the method of interpolation by means of algebraic 
polsmomials for the case when the ordinates are equally spaced 
can be generalised for the case when the ordinates are spaced 
according to any law. 

Whittaker {Proc. Roy. Soc. 1918, A. 94 , 367-83) obtains 
solutions of integral equations of Abel’s and of Poisson’s type 
in forms which can be made the basis of numerical calculation. 

Geometry. —G. Loria {Amer. Math. Monthly, 1919, 86, 45- 
53) gives, in a series of letters, some reflections, historical, edu¬ 
cational, and scientific on certain constructions of descriptive 
geometry. 

J. W. Clawson {ibid. 59-62) states a general theorem in the 
geometry of the triangle of which the wcll-knowm theorem on 
the Wallace (or Simson) line is a very special case, and gives 
a further discussion and application of the theorem. D. F. 
Barrow {ibid. 108-xi) examines the envelope of the Wallace 
lines of an inscribed quadrangle. N. Altshiller {ibid. 65-6) 
remarks that some of his theorems given in this Monthly for 
1918 (242-6) were proved in 1906 by J. Neuberg. 

J. H. Grace {Proc. Lond. Math. Sot. 1919, W, 259-71) finds 
the possible relations between the inscribed and circumscribed 
spheres of a tetrahedron and also some general properties of 
quadrics in relation to a tetrahedron. 

E. Ciani {Boll, di bibl. e st. delle sci. mat. 1918, [2], 1, 52-62) 
gives a very full account of F. Enriques’s Lesioni suUa teoria 
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geometrica delle equazioni e delle fumioni algebriche. A. Emch 
(Amer. Math. Monthly, 1919, 26 , 63-5) develops a theorem of 
Appell (1918) into a known (Steiner, 1828) theorem of closure 
on an equilateral hyperbola. A. Lodge {Math. Gaz. 1919, 9 , 
322-6) calls attention to some simple means of interpolating 
points in a cubic graph, and of indicating gradients without 
actual calculation. 

A. E. Jolliffe {Proc. Lond. Maih. Soc. 1918, 17 , 184-94) 
proves that any cross-ratio of the pencil formed by the four 
tangents from any point to a nodal cubic is connected by a 
rational algebraic equation with the corresponding cross-ratio 
of the pencil formed by joining the points of contact to. the 
node ; and discusses some properties of the quadrangle formed 
by the points of contact of these tangentSj W. P. Milne (^bid. 
237-40) obtains, in connection with a previous paper published 
by him in the same Proceedings, a symmetrical condition for 
co-apolar triads on a cubic curve. Milne also {Proc. Edinburgh 
Math. Soc. 1918, 36 , 84-90) writes on the apolar locus of two 
tetrads of points on a conic. W. R. W. Roberts {Proc. Roy. 
Irish Acad. 1919, A. 84 , 62-6) discusses the equation 6 f the 
tangent at a given point on a uni-nodal quartic curve. 

A. M. Howe {Amer. Joum. Math. 1919, 41 , 25-48) discusses 
all the different algebraic (i, 3) point correspondences between 
two planes. T. R. Holcroft {ibid. 5-24) gives a classification 
of general (2, 3) point correspondences between two planes. 

V. Snyder and F. R. Sharpe {Trans. Amer. Math. Soc. 1918, 
l 9 , 275-90) study the space involutions defined by a web of 
quadrics, which have been treated synthetically by Reye in 
1876 and 1879, but only incidentally in connection with line 
congruences. C. H. Sisam {Amer. Joum. Math. 1919, 41 , 49- 
59) classifies completely the types of algebraic surfaces which 
are generated by an algebraic system of cubics that do not 
constitute a pencil. C. V. H. Rao {Proc. Lond. Math. Soc. 1919, 
17 , 272-305) discusses the curves which lie on the quartic 
surface m space of four dimensions, and the corresponding 
curves on the cubic surface and the quartic with a double conic. 

AFIfUSD HL&.THS1IEATIC8. By S. Bkodetsky, M.A., Fh.D., 

A.F.R.AE.S., Umveisity, Bnstol. 

There is perhaps no phase of mathematical literature that is 
less satisfactory than that of notation. We are often told that 
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science is universal and that it forms one of the most potent 
links in international relations. One would, therefore, espect 
to find a truly international scientific language, i.e. in mathe¬ 
matics a notation should exist intelligible to all scientists of all 
countries and trained at all centres of scientific activity. Un¬ 
fortunately, this is far from being the case. It sometimes hap¬ 
pens that persons deriving their mathematical knowledge from 
one source have considerable difficulty in following the argu¬ 
ments and results of investigations inspired by a different 
source, and this is often the cause of discomfort and annoy¬ 
ance in the reading of mathematical literature. 

Variation in notation can be of two forms. The more 
obvious consists in the adoption by different workers, or dif¬ 
ferent schools of workers, of different sets of symbols to repre¬ 
sent the same physical concepts. A common example is 
afforded in the discussion of uniform acceleration in djmamics. 
Whereas we are all agreed in denoting the acceleration due to 
gravity by the ssonbol “ g,” yet some of us denote a uniform 
acceleration in general by the symbol “ a,” whilst others use 
“ f." If we compare various books and papers on fluid re¬ 
sistance we find that the statement: Resistance varies as the 
square of the velocity, is symbolised variously as R oo V*, R oc U*, 
R oc u*, etc., and that sometimes there is no consistency 
even in the same book. In hydrodynamics many mathema¬ 
ticians agree to make the velocity components negative space 
differential coefficients of the velocity potential; but not all do 
so, and in a recent work on aeronautics the authors adopt the 
negative sign in general but drop it in at least one place. 

Whilst it is a pity that such artificial obstacles should exist 
in the way of the intelligent and comfortable reading of mathe¬ 
matical analysis when applied to physical problems, there is 
another respect in which notational differences arise, causing 
considerable confusion in the rniud of the mathematical stu¬ 
dent. This is in the choice of algebraical signs for geo¬ 
metrical concepts. An important case is the choice of a set of 
ax^s in three dimensions for problems in astronomy, rigid 
dynamics, electromagnetism, etc. We are all accustomed to 
consider the anti-dockwise dbection as the positive sense of 
rotation in dealing with angles in trigonometry, or areas in the 
integral calculus; yet, when we come to three-dimensional 
analysis, there is confusion. Thus, in mechanics it is usual in 
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English books to choose a set of axes which can be defined at 
any point on the earth’s surface by the instructions : take the 
X axis due east, the y axis due south, and the z axis vertically 
upwards. In considering rotations about these axes, we adopt 
the cyclic order x—y, y — z, z — x, so that the screw motions 
symbolised by positive x, y, z components of velocity and 
positive X, y, z components of rotation are necessarily on 
left-handed screws. But this clashes with some fundamental 
physical ideas in electromagnetism in which we use right-handed 
screws. Thus m mechanics a rotation in the y z plane is posi¬ 
tive when it is clockwise as seen from the x axis ; in electro¬ 
magnetism the rotation is positive when it is seen anti-clock¬ 
wise. 

One is led to speculate whether it would not be an advan¬ 
tage to adopt a uniform notation,in this respect. Although 
the matter is of little importance as regards the prosecu¬ 
tion of new research, it is nevertheless of great importance 
both from the point of view of pedagogy and from the 
point of view of economy of mental effort, which is so vital 
to progress in mathematics- It is taken up by Lecomu {Comptes 
Rmdus, 166 , 630-32, 1918) in a paper “ Sur le signe de rota¬ 
tion.” He mentions the fact that in mechanics rotations are 
reckoned positive when seen clockwise by the observer from 
the positive direction of the ” axis ” of rotation, whilst the 
reverse is the case in astronomy. Yet he decides against any 
attempt to bring mechanics and astronomy into line with one 
another. He bases himself on the fact that the apparerU 
diurnal revolution of the important heavenly bodies, such as 
the sun and moon, is clockwise when seen from the north: 
east to south to west. Thus shadows cast by the sun, as in 
the case of the gnomon, move on the earth in a clockwise 
direction, and in this way all mechanical rotations have assumed 
the clockwise sense. But theoretical astronomy, which con¬ 
siders the actual revolutions and rotations in the heavenly 
bodies, necessarily adopts the opposite direction, namely, the 
anti-clockwise sense, for positive. 

Lecomu considers that it would be contrary to all the 
usj^es of practical life to impose on applied mechanics a con¬ 
vention derived from astronomy and opposed to the practical 
convention that we all adopt almost automatically in practice, 
and of course theoretical mechanics must not be inconsistent 
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with applied mechanics. Lecomu is also opposed to any at¬ 
tempt to introduce consistency in the positive sense of rotation 
in two-dimensional and three-dimensional geometry, and con¬ 
cludes by urging us to let the astronomer and the applied mathe¬ 
matician continue using their respective conventions. 

The necessity for a standardbed notation has been recog- 
nbed in the application of mathematics to aeronautical pro¬ 
blems, and a committee appointed by the Royal Aeronautical 
Society has recommended the adoption of a set of conventions 
and symbok, which, it is hoped, will be used by all workers 
in the subject. In this system the axes adopted are the 
ordinary left-handed system mentioned above, with clockwise 
rotations as seen from the axes, thus following the notation 
used by Routh and in the books based on his treatises. The 
actual axes adopted as fixed in the aeroplane, for the purpose 
of the equations of motion with moving axes, are as follows. 
Imagine the pilot seated in the aeroplane in flight and facing 
forwardsji If the flight b “ normal,” i.e, horizontal, then the 
X axis is from the pilot backsoards. the y axb is horizontal and 
' to the left, the z axb b vertically upwards. All velocities and 
force components are used with the positive s%n along the 
positive directions of the axes, and all rotations and couple 
components are taken with the positive sign round the cyclic 
order y—z,z—x,x—y. These axes and conventions were used 
by Bairstow and his co-workeis in the classical wind-charmel 
work carried out during the past ten years at the National 
Physical Laboratory. 

It nevertheless seems doubtful whether this choice b a wise 
one, especially as regards the positive direction of the x axb. 
There may be some justification for thb from the point of view 
of wind-channel e:^eriments, for in these e:q)eriments the 
model is at rest and the air b made to move past it, in the 
opposite direction to the actual flight of a machine. But, as 
b pointed out by Bryan {Aer. Joum. xxii. 1918, 51-3), the effect 
of the choio 4 b to make the velocities of all aeroplanes nega¬ 
tive, and to make all the air^resbtance effects positive alge¬ 
braically but actually negative. Thb seems to be a very just 
criticbm, especially as Bryan, who was the first to develop 
the rigid dynamics of the aeroplane, had devbed a notation 
which satisfies most requirements and avoids these peculiar 
and troublesome sign confusions. 



14 


SCIENCE PROGRESS 


The question of notation in aeronautics is now also one of 
pedagogical interest, for the great developments that all 
interested in aviation are expecting in the near future are also 
mirrored in our academic life. In several colleges and univer¬ 
sities provision has been or is being made for aeronautical 
teaching. In at least two universities courses of lectures have 
been delivered on the rigid dynamics and the stability of the 
aeroplane, and the effect will no doubt take the form of in¬ 
creased theoretical and practical activity in aeronautical re¬ 
search. 

A notable advance in the study of aerodjmamics by mathe¬ 
matical analysis is indicated in a brief note by Bryan (Aer. 
Joum. xxii. 1918, 255-7) containing the equations of motion 
for a compressible fluid. A differential equation is deduced 
for the velocity potential—an extension of the well-known 
Laplacian form when the fluid is incompressible. If mathe¬ 
matical analysis is capable of attacking the problem of the 
compressible fluid in practical applications, then we have 
another line of research that should 3deld results of great value. 

Mathematicians in general are pa3dng more attention to 
the mechanics of the aeroplane, and an interesting sign of the 
times is the paper by W. Burnside {Proc. Lond. Math. Soc. 
xviL 1918, 42-S3), entitled : “ On the Efficiency of a Surface 
of Pressure Discontinuity regarded as a Propeller.” 

A paper of considerable interest at the present juncture in 
aeroplane development is one by W. F. Durand (Aer. Joum. 
xxii. 1918, 183-201) on “Some Outstanding Problems in 
Aeronautics. ” Whereas the problem of stability has been studied 
theoretically and practically with success, not much has yet 
been done on the control of aeroplanes. 

The problem of aeroplane control is, of course, intimately 
bound up with that of the behaviour of an aeroplane when its 
steady flight is disturbed, either by a change in the state of 
the engine, or by a change in the machine, or by a chaise m the 
air conditions produced by a sudden squall or a modification 
of the velocity and direction of the wind. We can say, a priori, 
that any attempt at a complete solution of this probletm, applic¬ 
able to considerable changes in the condition of flight, must end 
in faflure. Not much success has yet been attained in even 
the simple problems of three-dimensional rigid dynamics, and 
the complication imported by the involved functions repre- 
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canting the resistance forces and couples in aeroplane flight 
render it doubly improbable that general integrals are obtain¬ 
able. Two methods suggest themselves. One is an extension 
of that used in the discussion of stability, and consists in assum¬ 
ing that the disturbed motion differs only slightly from the 
steady flight. The other is based on the method of initial 
motions, and attempts to solve the problem by means of ex¬ 
panding all the variable quantities in ascending powers of the 
timp as measured from the instant when the steady flight is 
disturbed, and then equating coefficients of powers of the time 
in the equations of motion. 

Both methods have their advantages and disadvantages. 
The former needs very much arithmetic, and is, after all, only 
applicable to a very restricted domain of divergence from the 
steady flight. The latter has the advantage that with suffi¬ 
cient labour it will yield results for any divergence from steady 
flight, yet it has the disadvantage that the algebra is very 
involved, and that no beautiful symmetrical results are pos¬ 
sible in terms of determinants. Both methods have already 
been used—^the former by E. B. Wilson in America, the latter 
by the writer of these notes. In an account of a " S3rmposium 
on Aeronautics” {Proc. Amer. Phil. Soc. Ivi. 1917, 161-257), 
Wilson discusses the question in some detail. Other mforma- 
tion of value in aeronautics is to be found in the symposium. 

The construction of aeroplane wings and other frameworks 
liable to great stresses has given rise to much work on the 
behaviour of beams under loads. The following are some 
recent investigations : 

W. L. Cowley and H. Levy, Critical Loadbg of Struts and Structures, Froc. 
Roy. Soc. H A, 1917, 405-21. 

W. H. Barley, and H. A. Webb, Design of Aeroplane Struts, Aer, Joum. xjdi. 
1918, 3 I 3 - 29 ' 

H. A. Webb, and J. R. Ajrey, The Practical Importance of Confluent Hypei^eo- 
metric Functions, Phil. Mag, vi, 35 ,1918,129-41. 

In this paper it is shown that the use of the fxmctions there 
tabulated renders possible the solution of many problems, 
such as that of the vibration of a circular disc, or the whirling 
speed of a shaft, and many aeronautical problems : 

H. H. jEFFCOfU^ The Periods of Lateral Vibrations of Loaded Shafts, Proc. Roy. 
Soc. 95 , A, 1918,106-15. 

J. J. Guest, Curved Beams, Proc. Rty. Sor. 95 , A, 1918, i-«r. 

J. Prescott, The Budding of Deep Beams, PM. Mag. vi, 3 ^ 1918,297-314. 
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In matters of more general interest in our subject it is use¬ 
ful to note the progress made in the application of mathe¬ 
matics to applied mathematical problems. Thus F. Hitch¬ 
cock {Phil. Mag. vi, 85 , 1918, 461-71) continues his work 
on the Laplacian operator in connection with homogeneous 
functions. In a paper of mathematical interest, T. Kubota 
(Tokdku Math. Joum. 14 , 1918, 20-7) discusses the conditions 
that the centre of gravity of a convex curve shall coincide with 
that of any of the convex parallel curves. The investigation is 
extended to surfaces. A, Buhl {Comptes Rmdus, 166 , 1918, 
454-6) finds the moments of inertia of some layers of matter 
on a surface by means of a certain int^al. P. Appell {Comptes 
Rendus, 168 ,1918,513-16) discusses the means of representing the 
Newtonian mechanics for a sjretem of particles or a rigid body. 
H. Vergue {Bulletin des Sc. Math. (2) 41 , 1918;) completes his 
articles on the general equations of mechanics. K. Ogura 
{Tohdku Math. Joum. 18 , 1918, 172-204) gives a geometrical 
study of the mechanics of a particle from the standpoint of line 
geometry. R. Bricard {Comptes Rendus, 166 , 1918, 734-s), in a 
paper “ Sm le mouvement k deuxparamfetres autour d’un point 
fixe,” discusses the rigid dynamics of a body about a point or 
of one sphere on another fixed sphere. Of great interest is the 
paper by E. H. Neville, on moving axes with variable angles 
{Quart. Joum. of Math, xlviii. 1918, 136-41). An account of 
Neville’s powerful method of treating problems involving moving 
axes in such subjects as dynamics and differential geometry 
was given at the Mathematical Congress in Cambridge in 1912. 
This new paper contains a brief statement of the ideas of the 
method and the formulation of the fundamental equations. 

The following additional papers have been published re¬ 
cently : 

Statics. E. V. Huntikgdon’, Bibliographical Note on the Use of the Word 
“Mass” in Current Textbooks, Amer. Math. Monthly, 25 , 1918,1-15. 

S. Bkodstskv, The Elementary Theory of Statical Stability, Math. Gag. ix. 1918, 
235-6. 

£. M. Horsburoh, An Approximate Formnla for the Length of an Arc of a 
Suspended Rope, Proc. Edin. Math. Soc. xxxvi 1917-18,94-5. 

B. na Fontviolast, several notes on the effect of a wm^ on a bridge, 
Comptes Rentbis, 166 , VjiiZ,p<tssim. 

Arf W. Conway, On an Expansion of the Point Potential, Proc. Roy. Soe. 94 , 
A, 1918,436-52. 

R. F. Muikhead, Rolling Loads: A New Graphical Method, Proc, Edin. Math. 
Soe. xxxvi. 1917-18,96-102. 
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R. F. Guyther, a Doctrine of Material Stresses, Phil, Mag, vi. 35 , 1918, 490-2. 

D. N. Mallick, Elastic Solids under Body Forces, Phil, Mag, vi. 1918, 

321-6. 

T. H. Gronwall, Elastic Stresses in an Infinite Solid with a Spherical Cavity, 
Ann, of Math, ii. 19 , 1918, 295-6. 

K. Uller, Elastische Oberfiachen-planwellen, Ann, de Pkys, 66, 1918, 463-96, in 
which the author concludes that there are three types of elastic surface waves: 
the pure shear wave, the pure expansion wave but so damped that the effect 
is only local, and a combination of both. 

Dynamics. J. Arnovlievitch, Sur les th6or^mes de projection et des moments 
des quantit^s de mouvement, Nouv, Ann, de Math, 1918,139--4I. 

F. W. Reed, On Integral Invariants, Amer,Journ, of Math, xl. 1918, 97-107. 

C. Michel, Mouvements plans dans lesquels le tangente a une vitesse angulaire 

constante, Nouv, Ann, de Math, 1917. 

K. Ogura, Determination of Central Forces acting on a Particle whose Equations 
of Motion Possess an Integral Quadratic in the Velocities, TohShu Math, 
Journ, 14 , 1918, 155-60. 

D. Buchanan, Orbits Asymptotic to an Isosceles Triangle Solution of the 
Problem of Three Bodies, Proc, Lond, Math, Soc, xvii. 1918, 54-74. 

E. H. Barton and H. M. Browning, Variably Coupled Vibrations, iii., Phil, 

Mag. vi. 35 , 1918, 36-47. 

E. H. Barton and H. “M. Browning, Forced Vibrations Experimentally Illus¬ 
trated, Phil, Mag, vi. 36 , 1918, 169-78. 

A. Emch, On Closed Curves described by a Spherical Pendulum, Proc, Nat, 
Acad,ofSci, U,S,A, 1918, 218-21. 

E. L. Rees, Concerning the Motion of a Rigid Body, Amer, Math, Monthly^ 

1918, 126-7. 

F. Reiche, Zur Quantelung des asymmetrischen Kreisels, Phys, Zeif, 1918, 

394-9. 

E. E. Tournay Hinde, On a New Gyroscopic Phenomenon, Proc, Roy, Sac, 94 , 
A, 1918, 218-22. 

P. Straneo, Sur Fextension des principes de l’homog 6 n 4 it 6 et de la similitude 
et sur une remarquable relation entre les constantes universelles d’une thdorie, 
Comftes Rendus^ 167 , 1918, 360-3. 

G. Tiercy, Sur la fonction de resistance de la balistique, EEnseignemeni Math, 

I 9 i 7 » 309-13- 

A. N. Whitehead, Graphical Solution of High Angle Fire, Proc. Roy, Soc, 94 
A, 1918, 301-7. 

M- Doy^re, Remarques sur la resistance k la marche de navires geometriquement 
semblabies, Comptes Rendus^ 166 , 1918, 384-7, 

C. Cailler, Sur les trajectories d’une mobile soumise k une force centrale et 
k une resistance de milieu, DEnseignement Math, xx. 1918, 93-6. 

S. Brodetsky, The Stability of the Parachute, Tohdku Math, Joum, 14 , 1918, 

116-23. 

Hechanics of Huids. J. G. Leathem, On Two-dimensional Fluid Motion, with 
Free Stream Lines, past an Obstacle of Curved Outline, Proc, Roy, Irish 
Acad, xxxiv. A 2, 1918, 11-39. 

T. Boussinesq, several papers on the motion of fluids and semi-fluids, Comptes 
Rendus^ 166 , passim, 

T. R. Pannell, The Wind Channel: Its Design and JJ^^Aer, Joum, xxii. 1918, 
21Z-40* 

a 
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W. R. D. Shaw, Computation of Aerodynamic Support (for circular arc camber), 
Aer.Jovm. xxii. 1918, 109. 

Sir G. Greenhill, The Rankine Trochoidal Wave, Proc. Roy. See. 94 A, 1918, 
238-49. 

T. H. Havelock, Periodic Irrotational Waves of Finite Height, Proc, Roy. Soc. 
95 ,1918, 38-50, 

G. Green, On Ship Waves and on Waves on Deep Water Due to the Motion 

of Submerged Bodies, PMl. Mag. vi. 35 ,1918, 48-63. 

H. Jeffreys, Problems in Denudation, Phil. Mag. vi, 35 ,1918,179-90, in which 

the author concludes that surface water motion is affected by gravity and 
friction, but only to a negligible extent by hydrostatic pressure and inertia. 

ASTBOBTOimr. By H. Spencer Jones, M.A., B.Sc., Royal Observatory, 
Greenwich. 

The Present Position of the Nebular Hypothesis .—'An article 
by Mr. J. H. Jeans bearing this title appeared in a recent issue 
of Scientia, in which are discussed the arguments for and 
against the famous nebular hypothesis of Laplace. It is re¬ 
markable that this hypothesis, put forward by Laplace more 
than a century ago to explain the origin of the solar system, has 
not yet definitely been either proved or disproved. It may 
be recalled that Laplace supposed a hot, nebulous mass of gas 
in rotation to be gradually cooling and shrinking, the velocity 
of rotation correspondingly increasing in accordance with the 
principle of conservation of momentum. The increase in the 
speed of rotation causes a flattening of the mass, and, after a 
certain stage, Laplace considered that a ring of matter would 
be thrown off from the equator which would break up and 
collect into a number of finite masses. A continuance of the 
shripkage would result in these smaller masses similarly break¬ 
ing up, and in this way he supposed that the existence of the 
planets and planetary satellites in the solar system could be 
accounted for. 

To test this theory by mathematics is a matter of extreme 
difficulty, and the first attempts were limited to the study of 
the behaviour of a rotating, homogeneous and incompressible 
ma'ss of matter. The evolution was traced by Darwin and 
Liapounoff to the well-known pear-shaped figure. Jeans has 
recently finally proved that the pear-shaped figure is unstable, 
and that the furrow rapidly deepens until the mass divides 
into two portions, which probably approximate to equality in 
mass. Each of these masses will itself be rotating and shrink¬ 
ing, and Russell has shown that the larger mass will break 
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up first, and that the distance apart of its two components will 
be small compared with that between the original pair. Some 
of the many binary and multiple systems in the sky appear 
to show these characteristics, and it is possible that they were 
formed in this way, although Jeans has recently concluded 
{M.N., R.A.S. 79 , April 1919), from a statistical study of the 
distribution of eccentricities and periods of binary systems, that 
the probability is against these systems having been so formed. 

The conditions postulated in these researches are doubtless 
very far removed from reality, and they do not therefore pro¬ 
vide a criterion as to the validity or otherwise of the nebular 
hypothesis. In 1855 Roche discussed the other extreme 
limiting case in which the matter is so compressible that it is 
practically concentrated close to its centre of gravity, the outer 
parts being merely of the nature of an “ atmosphere ” of small 
density. In this case it is found that, after a time, a lens¬ 
shaped figure is formed, which develops a sharp edge round 
its equator, from which, after a certain critical velocity has 
been attained, any further increase in velocity results in the 
ejection of matter from the periphery. The behaviour of such 
a mass is therefore very similar to what Laplace predicted, but 
^ain we are faced vsdth the fact that the case is an extreme 
one. 

Jeans has now shown, in some brilliant mathematical 
investigations, that in intermediate cases a compressible 
mass will behave similarly to Roche’s model, provided that 
its density is less than about a quarter of that of water, but 
that above this limiting density there is a sudden change, 
and the behaviour approximates to that of an incompressible 
mass. He concludes, therefore, that young masses in rotation 
break up in the way pictured by Laplace, and old masses in the 
way pictured by Darwin. 

In this division into yoimg and old masses, the majority 
of multiple systems observed in the sky would fall into the 
latter categoiy, having masses above a quarter of that of 
water. Their behaviour is therefore in accordance with 
Jeans’s conclusions. 

Jeans considers that the other dass—rotating bodies of 
sms^ density throwing off matter from their equators—are 
represented by the spiral nebulse. Photographs of spiral 
nebulae which are edgewise-on to us show that the central 
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nucleus is actually lenticular in shape, ,and the rotation of 
certain spiral nebulae has recently been conclusively estab¬ 
lished by Slipher. Moreover, such evidence as is available 
supports the view that the matter in the arms is in motion 
outwards from the nucleus and not inwards to it. The matter 
is in all cases thrown off from two opposite points on the peri¬ 
phery, and not m the form of a ring, as conjectured by Laplace. 
This could be accounted for by supposing the existence of 
tidal forces from neighbouring masses, a comparatively small 
force only being required to cause the ejection of matter when 
the mass reaches its critical state of equilibrium. Thus the 
matter will be ejected in two symmetrical fdaments. The 
characteristic equiangular spiral shape of the arms cannot at 
present be accounted for in a fully satisfactory manner. 

Jeans further finds that the arms will become unstable and 
break up into several masses if they are on a sufficiently mas¬ 
sive scale, but that if their mass is small the gravitational 
attraction is not sufficient to enable them to cohere together, 
and they will diffuse away into space. In the former case, 
the nuclei will form at approximately regular intervals, and 
such nuclei are actually found in the arms of most spiral 
nebulae. The order of distance apart of these nuclei can be 
calculated, and also their masses. Jeans finds that the masses 
will be comparable with the mass of our sun, so that it is very 
improbable that the planets of the solar system could have 
been formed in this way. If a nebula- of mass as small as our 
sun had thrown off arms they would have dissipated into 
space. 

The work of Jeans has therefore considerably advanced 
our knowledge of the nebular hypothesis, and it appears prob¬ 
able that while the sequence of events pictured by Laplace 
may have happened in the case of the spiral nebulae, they could 
not have happened in the case of the solar syrstem, to explain 
the existence of which the hyqjothesis was formulated. 

The Application of Photoelectric Photometry to Astronomy .—• 
Although astronomy is the oldest of the sciences, it is never¬ 
theless true that many of the princip^ advances which have 
been made in it of late years have been due to the application 
of new methods. It is only necessary to instance the applica¬ 
tion of photography, which has made possible the rapid deter¬ 
mination, amongst other things, of the positions of faint stars, 
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of photographic magnitudes, of types of stellar spectra, of 
radial velocities, which has led to the discovery of numerous 
variable and binary stars, and which has enabled stellar paral¬ 
laxes to be determined with ease and accuracy. It seems 
probable that a new step forward will result from the applica¬ 
tion of photoelectric phenomena. The principles of photo¬ 
electric photometry have already been used by Guthnick in 
Germany and by’^ Stebbins in America for the study of variable 
stars whose range of brightness is very small. A paper by 
A. F. and F. A. Lindemann in the March number of the Monthly 
Notices, R.A.S., giving an account of the various possible appli¬ 
cations of the new method as well as of details of the neces¬ 
sary apparatus should, therefore, be read with interest by all 
who are interested in the matter. It is worth while remark¬ 
ing that, whilst many of the most recent astronomical develop¬ 
ments have been limited in their application to telescopes of 
large aperture and having lenses or mirrors with the highest 
perfection of figure, this is not the case with the new method; 
it does not necessitate a very good lens or mirror, nor even a 
very accurate driving clock, and although large apertures are 
advantageous, as they enable observations to be made more 
rapidly, its use is not restricted to them. It is, therefore, emi¬ 
nently suitable for application by amateur astronomers pos¬ 
sessing telescopes with apertures of, say, 6 inches and upwards. 

The principle of the method is that light falling upon a 
metal surface causes it to emit electrons whose energy is pro¬ 
portional to the difference between the frequency of the light 
and a frequency characteristic of the metal. With most metals 
the latter is large, and the current obtained is weak, but with 
the alkali metals a weU-marked selective effect is obtained in 
the region of the visual spectrum. The important property 
of the phenomena is that the emission current is proportional 
simply to the amount of the incident light and is not dependent 
upon its intensity per unit surface. The practical application 
consists in placing the photoelectric metal close behind the 
focus of the telescope, so that the light from the object under 
observation falls upon the metal. The number of electrons 
emitted is measured, and the ratio of this number to the 
number emitted under the influence of a standard light deter¬ 
mines the energy received. 

For astronomical applications it is necessary to use the 
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alkali metals, potassium, rubidium and caesium. These are 
deposited on the walls of special glass cells containing a rare 
gas. The method of construction of the cells is described in the 
paper. Accurate methods of measurement are essential, and 
for this purpose the authors constructed a specially sensitive 
string galvanometer. A single observation can be made in 
about four or five minutes, each observation consisting of a 
reading of the electrometer deflection when the telescope is 
set upon the stellar object, followed by a reading when a 
standard voltage is switched on. 

The practical applications su^ested in the paper are 
numerous, (i) The determination of stellar magnitudes is 
first referred to : the work of Guthnick and Stebbins has 
already shown that a very high order of accuracy is obtain¬ 
able, and that the variability of stars whose range of bright¬ 
ness does not amount to more than a few hundredths of a 
magnitude can be established with certainty. Stebbins has 
found the new method considerably preferable to the selenium 
photometer for this purpose, and has abandoned, the latter in 
favour of photoelectric photometry. (2) The determination of 
stellar temperatures is possible provided that a potassium 
and a caesium cell are used alternately. These have maximum 
sensitiveness at wave-lengths of 4,400 and S, 5 oo tenth-metres 
respectively, and so the energies corresponding to two different 
wave-lengths can be deduced. From this, the temperature 
can be calculated on the assumption that Planck’s radia¬ 
tion law is obeyed. An investigation of the theory of the 
method indicates that an error of i per cent, in the measure¬ 
ment leads to an error of only about roo* in the temperature. 
(3) One of the most important features of the method is that 
it enables an accurate measurement to be made of the light 
received from extended surfaces such as nebulae or comets. 
Thus the equivalent stellar m^^iiitide of a nebula can be 
deternained, and, provided that its distance can be estimated, 
an approximation can.be made to the number of luminous 
stars which it contains. The temperature of nebulas can also 
be determined. A knowledge of this is of importance on 
accoimt of its bearing upon the question of stellar evolution, 
for, ii the temperatures should be found to be approximately 
the same, it would indicate that the life of the galasy is great 
compared with the li^t of a sin^e star. Somewhat similar 
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applications of the method to stellar clusters may be made. 
(4) Another important application is the photometry of comets. 
If sufficiently accurate measurements can be made, it will be 
possible to determine whether the effect of radiation pressure 
is sufficient to cause any deviation from the inverse square 
law and also to determine comets’ masses. (5) The accurate 
photometry of the planets relative to fixed stars will enable 
any variation in the sun’s brightness to be determined. Hence 
the question as to whether or not the sim is a variable star 
could be cleared up. In order to distinguish between solar 
variability and a change of the planet’s albedo it would be 
necessary to observe regularly at least two planets. (6) By 
making measurements on a part of the moon’s surface not 
directly illuminated by the sun, the albedo of the earth could 
be determined, which is of considerable importance for meteor¬ 
ology. (7) Many solar phenomena lend themselves to photo¬ 
metry by this method, such as the brightness of the corona 
or of solar protuberances and faculae. 

Various other possible applications are touched upon in 
the paper, but the above will suffice to indicate that the 
method is one possessing great possibilities, and which should 
provide very valuable information on many important matters. 
Unfortunately, it is not at present possible to obtain the cells 
or a sufficiently sensitive electrometer commercially in this 
country, and imtil this drawback is remedied the use of the 
method is likely to be •considerably restricted. 
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PHYSICS. By James Rice, M.A., University, Liverpool. 

Atom and Electron Structure .—The particular shape of the 
electron, or fundamental unit of negative electricity, and the 
distribution of the charge throughout the volume occupied by 
it, are matters which may be overlooked in the discussion of 
many problems, where it is sufficiently accurate to regard the 
electron as a " point charge.” But, for the closer discussion 
of those problems of atomic structure which are agitating the 
minds of physicists to-day, no such simple view of electronic 
structure is adequate. Discussion has, perhaps naturally, 
centred most closely around an electron assumed to be spherical 
or spheroidal in shape. In particular, Lorentz has made power¬ 
ful use of the concept of an electron which, having a spherical 
shape when at rest, suffers when in motion a contraction in 
lengt h in the d irection parallel to its velocity and of an amount 
I : I—v®/^, where v is the electron's velocity and c is the 
velocity of light. In fact, this assumption is but the logical 
extension to these minute corpuscles of the Lorentz-Fitzgerald 
contraction of matter in bulk—^the hypothesis by which those 
two physicists endeavoxured to explain the failure of the 
Michelson-Morley (and other) experiments to detect the 
ejirth’s motion through the ether. This “ contractile ” elec¬ 
tron leads to a variation of mass with velocity which is in 
extremely good agreement with the most trustworthy experi¬ 
ments on particles from radioactive materials and high¬ 
speed cathode particles. 

As is well known, however, serious difficulty is being ex¬ 
perienced to present a theory of atom structure which shall 
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embrace all the known results of such phenomena as chemical 
combination and valency, molecular cohesion, radiation, dia¬ 
magnetism and paramagnetism, ionisation, Ziceman effect, 
series laws of spectral lines. The earlier view of Thomson as to 
the atom consisting of a “ sphere of positive electricity,” with 
coplanar rings of electrons embedded in it, and in motion 
around the centre, has gradually given way to the ” nucleus ” 
theory of Rutherford, in which the positive charge which 
serves to bind the elections in their orbits is no longer diffused 
through the whole volume “ occupied ” by the atom, but is 
concentrated within a very small portion of its volume at the 
centre, having in fact a size which must be smaller than that 
of the electron itself if we are to account for the whole mass 
of the atom on purely electromagnetic grounds. This view, 
in one form or another, holds the field to-day, and, despite its 
manifest difficulties, it has had a remarkable success. For 
instance, it explains very readily the scattering of a rasrs 
which is experienced when these particles are passing through 
gases or thin foils of metal, a fact with which it is difficult to 
reconcile the Tliomson theory of atom structure. The most 
serious obstacle to its acceptance is the instability of the 
electrons in their orbits around a minute centre of force at¬ 
tracting as the inverse square law. For one thing, any sort of 
stability in the orbits is impossible at aU unless the orbits are 
coplanar, and it is difficult to see how even these would sur¬ 
vive some of the shocks to which every atom must be exposed 
even in its ordinary thermal encoimters with other atoms. 
Added to this is another difficulty. All electrons in orbital 
motion are being accelerated, and such acceleration is accom¬ 
panied by radiation of the electron’s energy leading gradually 
to contraction of the orbit and ultimate coalescence with the 
atomic nucleus— z. state of affairs quite irreconcilable with 
the constant properties of atoms as we meet them in physical 
and chemical experiments. Yet orbital motion is a postulate 
we cannot abandon without at the same time encountering 
just as apparently insurmountable difficulties in explaining 
the magnetic properties of matter, the Zeeman effect, etc. Of 
course, all these difficulties arise in the application of the 
classical Newtonian dynamical principles to atomic models as 
pictured above. The Newtonian dynamics has had great 
success among those phenomena where the velocities of moving 
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matter are small compared with that of light, but on several 
grounds it has recently been borne in on the mind of the 
physicist that it cannot be accepted as more than an approxi¬ 
mation in cases where the velocities are lai^e, and that in 
consequence the motions of cathode particles, radioactive 
particles, and electrons within the atom, where the speed is 
comparable with that of light are subject to a wider body of 
dynamical laws than those propounded by Newton. Such an 
admission, while not removing the difficulties mentioned above, 
does, at least, encourage the hope of resolving them by methods 
of attack unthought of until recent years. For example, Bohr 
in 1913, by applying the Quantum hypothesis of Hanck to 
the Rutherford model, scored a remarkable initial success in 
accounting for the spectral series of hydrogen and helium, 
and in giving a rough, general explanation of the Rydberg 
law for the series of lines in the spectra of other elements. 
Considerable work has been earned on in connection with 
Bohr’s theory during the years of the war, especially directed 
towards the high-frequency or X-ray spectra of the elements, 
and I understand that Bohr himself is shortly to publish the 
results of a prolonged research which, it is stated, has extended 
very considerably the success of its earliest applications. Of 
course, it must be borne in mind that all this success depends 
on the application of the Quantum hypothesis. Now this 
hypothesis is not a system of dsmamics. Its success in explain¬ 
ing the nature of " Full ” Radiation, the relation between specific 
heat and temperature, the photoelectric law, etc., may be 
reasonably held to support the view that it will one day be 
embraced within the scope of our future laws of dynamics as 
an important deduction from them—as important, perhaps, as 
the principle of energy is to-day with respect to the Newtonian 
laws from which it is deducible. 

That being the state of affairs, considerable interest still 
attaches to all attempts to explain atomic structure on the 
older and more orthodox views, and it noay be of interest to 
readers of Science Progress to become aware of an attempt 
recently made by A. L. Parson to overcome difficulties of 
atomic structure by postulating a new structure for the dec- 
iron.. His paper entitled “ A Magneton Theory of the Strurtme 
of the Atom ” was published^ in the Smithsonian Collections, 
vol. tsv. No. ii (1916). On grounds which cannot be entered 
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into here it is perhaps desirable that the nam# “ magneton ” 
should not be applied in this connection, and that “ A Ring 
Electron Theory, etc.,” would describe the author’s views in 
more accurate terms. For that is his essential postulate, viz. 
that the electron itself is magnetic, having, in addition to the 
usual properties attributed to negative electricity, the pro¬ 
perties of a ciarent circuit whose radius is of the same order of 
magnitude as, but somewhat smaller than, that of a hydrogen 
atom. ” It may be pictured by supposing that the funda¬ 
mental negative charge is distributed continuously around a 
ring which rotates on its axis with a peripheral velocity of the 
order of that of light, and presumably the ring is extremely 
thin.” 

Parson himself adopts in his paper the Thomson positive 
sphere for the massive part of the atom, but it appears that 
the conception may be associated with the Rutherford nucleus 
as readily. It is m its explanation of the chemical and mag¬ 
netic behaviour of matter that this model has its most signal 
success. As mentioned above, orbital motion of electricity 
within the atom seems essential for any explanation of the 
magnetic properties of matter, yet such orbital motion implies 
radiation of energy, and ultimate collapse of the atom if the 
electricity is regarded as in the form of minute spherical or 
spheroidal charges rotating in orbits large in comparison with 
the size of these charges. It has long been known that if the 
number of electrons in motion in one orbit were great enough, 
the radiation would be much reduced, even six making the 
loss of energy extremely slow. But there are serious objec¬ 
tions to the employment of this result to help us out of the 
radiation difficulty. The lighter atoms, such as those of 
Hydrogen, Helium, Lithium, do not contain enough electrons 
to form even one such orbit—^at least enough of the outer and 
more loosely bound electrons which play a part in chemical, 
magnetic and optical phenomena. Again, for diamagnetic 
atoms it is necessary to assume the existence of independent 
orbits in the atom that are so great in number or else undergo 
such rapid variations that they can be considered as having 
their axes distributed uniformly in three dimensions in order 
to account for a zero resultant magnetic moment. Separate 
rings of this sort cannot maintain their individualities unless 
they differ very markedly in radius, and this condition would 
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limit too seriously the possible number of rings and the chance 
of their resultant moment being zero (most substances are dia¬ 
magnetic) ; while, if their radii are not very diiferent from one 
another, an altogether chaotic motion would result quite in¬ 
consistent with the precise and definite properties which the 
atom of each element possesses. This means, for stability, 
coplanar rings —a state of affairs quite inadequate to account 
for the facts of stereochemistry. 

Further, on Parson's view purely electrostatic forces of 
attraction and repulsion between the individual electrons and 
the positive parts of the atom are insufficient to account for 
valencies. With his electron shaped as a rapidly rotating 
ring, he can appeal as well to electromagnetic forces with a 
magnitude comparable under certain circumstances with the 
electrostatic. Thus, it is simple enough on electrostatic grounds 
to explain the bond between a hydrogen atom and a chlorine 
atom in the molecule of hydrochloric acid, but not so easy to 
explain the bond between the two hydrogen atoms in the 
hydrogen molecule. This, however, is rendered more easy if 
the electromagnetic attraction of two similar electronic orbits 
is brought into consideration. 

By his ring structure hypothesis, Parson gets rid of two 
difficulties ab initio —the difficulty of stability and that of 
energy waste by radiation. His h3q>othesis is frankly designed 
for this purpose. Its merits must judged by its subsequent 
success in dealing with all the other difficulties which have met 
the other theories and all the problems which have been raised 
by the multitude of experimental results available. As regards 
chemical considerations, no one will deny that the introduc¬ 
tion of the ring electron furnishes a means of avoiding many 
serious difficulties which are met when the attempt is made to 
apply earlier conceptions of the electron to problems of chemi¬ 
cal constitution and stereochemistry. In particrular, Parson 
has shown that a group of eight of his ring electrons forms an 
extremely stable system of low magnetic energj'. They have 
their centres on the comers of a cube, and wide limits of 
orientation are possible for the rings without upsetting the 
stability of the group. Now this compact group of e^ht is 
just what is required to account for the presence of e^ht 
groups in the periodic table, and a considerable portion of 
Parson’s paper is devoted to a close discussion of the periodic 
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table from this point of view, the hypothesis being that corre¬ 
sponding members of different " periods ” in the table differ 
by the numbers of the stable groups of eight electrons con¬ 
tained in their atoms. Success in explaining certain magnetic 
properties of matter is also more or less assured from the be¬ 
ginning by the nature of the hypothesis. 

However, it seems to be the view of most competent physi¬ 
cists at present that in the directions other than those in 
which success might reasonably be assumed, Parson’s hypo¬ 
thesis has proved somewhat disappointing and unfertile. In 
the February number of the Proceedings of the Physical Society 
there appears a very able r&um6 by Dr. H. S. Allen of the 
evidence in favour of the ring electron theory, but the discus¬ 
sion following Dr. Allen’s paper cannot be said to have been 
very favourable to the hypothesis. According to Dr. Allen 
the ring electron (with some modifications of Parson’s original 
idea) can account for the facts of diamagnetism and para¬ 
magnetism ; involves no loss of energy in its rotatory motion ; 
explains certain facts concerning asymmetry of some t3pes of 
radiation, the effect of> magnetisation of iron on its absorption 
coefficient of X-rays, the small amount of ionisation of gases 
due to X-rays; it can be adapted to the Quantum hypothesis, 
and Bohr’s theory can be restated so as to apply to it; the 
Zeeman effect can be brought within its compass; and the 
problems of chemical constitution and stereochemistry may be 
solved by it, in particular, stationary valence electrons being 
possible (a great desideratum). As stated above, the dis¬ 
cussion by other members of the Physical Society hardly sup¬ 
ported Dr. Allen in his claims. The general trend of the dis¬ 
cussion may be best illustrated by a few quotations from it. 

“ Judged by its power of predicting new phenomena, the 
hypothesis of the ring electron is disappointing,” and “ in 
striking contrast is the fertility of Bohr’s hypothesis of the 
atomicity of angular momentum.” “ The value of a model 
such as the ring electron will be judged by the number and 
importance of the facts that it accounts for, and by the ability 
it shows to predict undiscovered phenomena, or to suggest new 
lines of research. The ling electron does not appear to have 
been especially fortunate in this latter respect; and its claim 
to consideration must perhaps rest mainly on arguments such 
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as those marshalled by Dr. Allen. In considering a claim of 
this kind it must always be taken for granted that the pro¬ 
posed model will ea5)lain at least one or two facts perfectly. 
The model has been devised ad hoc. What we have to examine 
is whether it explains other extraneous facts, and particularly 
whether it does so without destroying more of the old fabric 
of science than it builds of new. ... It appears that the ring 
electron may be welcomed mainly as giving a vivid picture of 
certain magnetic phenomena. There seems to be no clearly 
established case in which it successfully explains aay pheno¬ 
menon outside magnetism, and it is quite out of the question 
to suppose that the ring electron is going to reconcile the 
classical dynamics with phenomena which are demonstrably in¬ 
consistent with the classical dynamics.” 

ParSXCAXi CEEUCISTST. By Prof. W. C. McC. Lewis, M.A., 

D.Sc., University, Liverpool. 

Electrolytic Dissociation and the Law of Mass Action .—In an 
earlier report (Science Progress, April 1916) attention was 
drawn to an invest^ation by Schlesinger and Coleman in 
which the degree of ionisation of certain metallic formates 
dissolved in anhydrous formic acid was determined. The salts 
employed were of the univalent type. Anhydrous formic acid 
is a strongly dissociating solvent, and these electrolytes are 
largely ionised. Nevertheless the law of mass action, the 
“ Dilution Law,” is obeyed with a h^h degree of accuracy, the 
extent of ionisation being determined as usual by the electrical 
conductivity method. 

Recently Schlesinger and MuUinix (/. Amer. Chem. Soc. 
1919, 41 , 72) have extended the investigation to the formates 
of the divalent metals, calcium and strontium. Again, the 
degree of ionisation is large. The concentration range ex¬ 
amined extended from 0*04 to 0*4 gram-equivalents per litre, 
It is now found that whilst the law of mass action is obeyed 
over a considerable range—^from o*i to 0*3 gram-equivalents 
per litre—'the law no longer applies to regions above and below 
these limits. The curve expressing the law consists of three 
portions. The chief interest attaches to the portion which 
refers to the most dilute region, for according to these authors 
the curve shows a sharp break and not a gradual transition 
in the region of 0*1 normal. It b su^ested that intermediate 
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ions are formed, a suggestion which in itself is by no means 
improbable; but, as the authors themselves point out, this is 
not a complete explanation of the behaviour observed, for on 
this basis a gradual transition from one curve to the other 
would be expected. The problem, therefore, of the mechanism 
of ionisation in this solvent has still to be solved. 

The Polymerisation of Water .—It is now generally recog¬ 
nised that water in the liquid state consists of three kinds of 
molecules, monhydrol (HjO), dihydrol (HaOj), and trihydrol 
(HaO)j, in different proportions in equilibrium with one an¬ 
other. The relative amounts of the three kinds vary with 
the temperature, the monhydrol increasing with rising tem¬ 
perature at the expense of the trihydrol. (Ice consists prac¬ 
tically entirely of trihydrol; S'team of monhydrol). These 
conclusions have been reached as a result of the examination 
of several characteristic properties of water itself and of aqueous 
solutions and the variation of these properties with tempera¬ 
ture. 

The problem has been reinvestigated by T. W. Richards 
and Palitszch {J. Amer. Chem. Soc. 1919, 41 , 59) from the 
point of view of the compressibility of aqueous solutions, 
especially of urethane in water. This substance was chosen 
because of the fact that it is neither associated nor appreciably 
dissociated in aqueous solution. It has the property of lower¬ 
ing the surface tension of water, a fact of importance in view 
of the possible interrelation between surface tension and 
compressibility. The compressibility of the solutions was 
determined as a function of the concentration, measurements 
of density, viscosity, and surface tension being carried out 
at the same time. ^ 

Pure water at 20° C. has a compressibility of 43*25 x lo"". 
It was found that the compressibility of the solutions at first 
diminishes, as a result of adding urethane, to a minimum 
value of about 38*9 x lo"*, and then rises as the concentration 
increases. On the other hand, the surface tension and the 
viscosity show no minimum in their course. There is also no 
minimum in the curve expressing the solution volume—a 
quantity which is computed from the difference between the 
volume of the solution and of the water, reckoned per gram 
of urethane. 

The first point to be considered is the minimum exhibited 
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by the compressibility curve. The descending portion must 
be ascribed to a change in the nature of the water itself, for 
the comparatively small amount of urethane present can 
scarcely be effective. Now it is known that the compressi¬ 
bility of water diminishes as the temperature rises, a fact 
which has been attributed to the breaking down of the trihy- 
drol molecules into simpler forms. It is reasonable, therefore, 
to suppose that urethane—-and in fact any solute whatsoever 
—.possesses the property of dissociating the trihydrol, and 
consequently diminishing the compressibility as an initial 
effect. The observation that the position of the well-known 
miniTnnm volume of water can be shifted towards lower tem¬ 
peratures as the pressure increases is likewise due to the 
changing molecular complexity of water. The decomposition 
of the trihydrol also affords an explanation of the generalisa¬ 
tion made several years ago by Tammann, namely, that the 
volume of a solution varies with the temperature in the 
same sense as the volume of the pure solvent under a higher 
pressure. 

The ascending portion of the compressibility curve in the 
case of urethane is easily attributable to the fact that urethane 
itself is more compressible than dihydrol, and consequently 
when the concentration of the urethane becomes sufficiently 
great the compressibility of the mixture as a whole increases. 

As regards the solution volume curve, Richards points out 
that its form “is precisely what one would expect if water 
contained an appreciable amount of trihydrol in dilute solutions 
and an appreciable amount of monhydrol in concentrated solu¬ 
tions with dihydrol present throughout.” This is the conclu¬ 
sion arrived at by Bousfield and Lowry in 1910. 

Next, in connection with the siuface tension curve it is 
found that at first the falling off is very marked, and that 
later, in solutions containing 40 per cent, or more of urethane 
—from which presumably the trihydrol has been eliminated 
—the surface tension decreases much less rapidly but more 
regularly. Here, again, the two markedly different branches 
of the curve must be ascribed to the changing constitution of 
water. When the region, 40 per cent. — 50 per cent, urethane 
is reached—at which point the solvent has become relatively 
simple in constitution—Richards finds that the surface tension 
7 and the compressibfiity ^ are related to one another by 
3 * 
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the expression /8 7 ^ = constant, a relationship which he had 
already found to hold good for pure substances. 

Finally, as regards the viscosity curve, it is evident that 
urethane itself possesses a much greater viscosity even than 
trihydrol, so that, from the first, the addition of the solute 
causes an increase in this property which more than compen¬ 
sates for the diminution which would be brought about by 
the dissociation of the trihydrol. The dissociation of the trihy¬ 
drol is shown, however, by the bending of the curve at its lower 
end. That the above assumption is not unreasonable is shown 
by the enormous increase in viscosity, from 100 to nearly 
2 so, as we pass from pure water to a 50 per cent, solution of 
urethane. 

The interest of this investigation lies in the fact that several 
distinct properties which at first sight appear to have little in 
common can all be related to one another on the basis of the 
single assumption that the presence of a solute occasions the 
dissociation of trihydrol into simpler molecular forms. 

The Tri-atomic Hydrogen Molecule .—As is well known. Sir 
J. J. Thomson first discovered evidence for the neutral mole¬ 
cule H, as a result of investigation by means of positive ra37s. 
More recently Duane and Wendt {Phys. Rev. 1917, 10, 116) 
have obtained further evidence for the existence of this polymer 
of hydrogen. 

Bohr {Medd. K. Vet. Akad. Nobelinstitut, 1919, 5, No. 28) 
has studied the stability of the molecule H on the basis of his 
theory of atomic structure, and has shown that such a struc¬ 
ture is quite capable of permanent existence The configura¬ 
tion of the molecule is shown to be such that the three electrons 
rotate at equal angular intervals in a common circular orbit, 
while the three nuclei are placed on the axis of this orbit, one 
at the centre of the circle and the two others equidistant from 
the central one, the three nuclei being in the same straight line. 
Bohr shows, further, that a molecule possessing this structure 
has the capacity of binding a free electron and still giving rise 
to a stable system. In this configuration the three nuclei are, 
as before, in the same straight line, while the electrons are 
distributed in two distinct circular orbits of equal radii, each 
orbit containing two electrons, and each orbit being situated 
around each of the terminal nuclei 
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OBOAmC OHEKXSTBT. By P. Haas, D.Sc., Ph.D., St Mary’s 

Hospital Medical School, London. 

The s3mthesis of two pentadigalloyl glucoses by Fischer and 
Bergmann {Berichte, 1918, 61 , 1760) marks a most important 
advance towards the elucidation of the constitution of the 
tannins. Previous to the year 1912, ordinary oak bark tannin 
had been regarded as being merely the anhydride formed 
by the abstraction of one molecule of water from two mole¬ 
cules of gallic acid: 

2C6Hs(OH),COOH - H,0 = CiiHioOs. 

Nobody seemed to doubt the accuracy of this assumption, 
and all investigations concerning the chemistry of tannic acid 
were directed towards (a) establishing the exact mode of union 
between the two molecules and (b) suggesting a formula which 
would account for the optical activity of the compound. The 
fact, however, that natural tannin was always associated with a 
certain small percentage of glucose led Fischer to suggest that 
tannin was not merely the simple anhydride of gallic acid, but 
that it was in reality some kind of compound of this substance 
with glucose. With the object of testing this view he syn¬ 
thesised (Fischer and Frendenberg, Berichte, 1912, 45 , 915) a 
pentagalloyl glucose which, although a derivative of gallic acid, 
exhibited a remarkable similarity with natural tannic in its 
physical and chemical properties. Since then Fischer has 
made repeated attempts to synthesise the two isomeric m 
and p digallic acids (I) and (II) 

OH OH OH OH 

HO o •CO-0- O HO • CO • O- {^COOH 
OH COOH OH 

(I) (11) 

with the object of combining them with glucose, but found 
that, no matter what method was em]^oyed for synthesising 
these two acids, only the meta acid was obtained; owing to 
the fact that molecular rearrangement took place whenever 
the acyl derivatives of the para acid were hydrolsreed. Thus, 
for example (Fischer, Bergmann and Lipschitz, Berichte, 1918, 
51 , 45), 4 benzoyl 3 : S diacetylgallic acid (III) on hydrolysis 
yielded 3 benzoyl protocatechuic acid (IV), in other words, the 
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meta benzoyl derivative of gallic acid instead of the para- 
benzoyl derivative 

OAc OH 

Bzo{~^COOH -> H0(^C00H 

OAc OBz 

(III) (IV) 

and similarly penta-acetyl-^-digallic acid on hydrolysis gave 
w-digallic acid. The penta-acetyl derivatives of w- and p- 
digallic acids are, however, stable, and from their acid chlorides 
it has been found possible to synthesise the two corresponding 
penta-(penta-acetyl digalloyl)-glucoses, and to obtain from these 
by careful hydrolysis the two penta-(digalloyl)-glucoses. Of these 
the penta-(m-digalloyl)-^ glucose is found to be remarkably 
s imil ar to Chinese tannin and to differ from it only in regard to 
its specific rotation in aqueous solution ; this difference, how¬ 
ever, need not be regarded as serious in view of the fact that 
the solutions are colloidal and are liable to be considerably 
influenced by small factors. The same authors have also 
effected the synthesis of i-galloylglucose of the formula 

C6Ha(OH), • CO • 0 • CH • (CHOH), • CH • CHO]£I • CH^OH 


which is found to be identical in all respects with the natural 
product glucogallin first isolated from Chinese rhubarb by 
Gilson in 1903 (Comptes Rend. 136 , 385). 

An entirely novel method for isolating the products of the 
acid hydrolysis of proteins has been devised by Dakin {Biochem. 
J. 1918, 18 , 290). Caseinogen was hydrolysed by means of 
sulphuric acid, the excess of acid being removed as barium 
sulphate- The neutral concentrated solution was then sub¬ 
mitted to continuous extraction by means of butyl alcohol, 
whereby five fractions were obtained, (i) Monoamino acids 
which, although insoluble m butyl alcohol, are nevertheless 
extracted and are deposited as a cream-coloured powder in the 
extraction flask ; their extraction is due to the passage of a 
certain amount of water mto the butyl alcohol since the ex-, 
traction is not satisfactory if the aqueous solution of the amino 
acids contains an excess of salts, such as calcium chloride. (2) 
Proline, which is soluble in ethyl alcohol, and is also extracted 
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by butyl alcohol. (3) Peptide anhydrides or diketopiperazines, 
also extracted by butyl alcohol but separable from (2) by the 
fact that they are insoluble in alcohol, whereas proline is 
soluble. (4) Dicarboxylic acids not extracted by butyl alcohol; 
and (5) Diamino acids, likewise not extracted by butyl alcohol 
but separable from dicarboxylic acids by phosphotungstic acid 
and other methods. Considerably higher yields of many of 
the amino acids were obtained by this method, as much as 
8 per cent, of proline being obtained from caseinogen. More¬ 
over, it has enabled the author to isolate two new cleavage pro¬ 
ducts from caseinogen, namely, ^-hydroxy glutamic acid (COOH 
CH (NHa)’CHOH'CHaCOOH) and d-iso-leucyl-i?-valine anhy¬ 
dride, a peptide of the formula 

It is possible by this method to obtain a dry, almost neutral 
amino-acid mixture which might serve as a basis for nutrient 
media, with or without the addition of tr3rptophan, and might 
even be employed for dietetic purposes owing to the absence 
from the mixture of most of those acids which give rise to 
glucose in the diabetic organism. 

Boswell and Dickson (/. Amer. Chem. Soc. 1918, 40 , 1779) 
have made the interestiug observation that fused sodium oxide 
is an active agent for effecting oxidations; thus, for example, 
carbon monoxide in contact with fused sodium hydroxide at 
410-30® is oxidised to carbon dioxide, an equivalent quantity 
of hydrogen being set free at the same time ; similarly, sodium 
formate and sodium oxalate are oxidised almost quantitativdly 
to carbon dioxide with evolution of hydrogen at temperatures 
of 27s and 290“ respectively. This action is explained by 
assuming that it is really the water present in the fusion which 
acts as the oxidising agent, the caustic soda serving to break 
up the water catalytically. It is also suggested that the 
general reaction by which carbosqrl is replaced by hydrogen on 
fusion with caustic soda—^as, for example, the production of 
benzine from sodium benzoate—^is likewise an example of 
simultaneous oxidation and reduction by the hydrogen and 
oxygen of water. 

The oxidation of organic compounds by silver oxide has 
been the subject of investigation by Behrend and Dreyer 
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{Annalen, 1918, 416, 203) with a view to establishing some 
generalisations; it is found that, in order that a substance may 
be oxidised by silver oxide in ammoniacal solution, it must con¬ 
tain a = CHOH group combined with two —CH3OH, = CHOH 
or —COOH groups, or with any two of these groups. Several 
other conclusions which have been arrived at may be found by 
reference to the original paper. 

Reference was made in these columns (Science Progress, 
1918, xii. 392) to the synthesis of Zingerone the pungent prin¬ 
ciple of ginger by Nomura. The same author has recently 
(J. Chem. Soc., Abstr. 1918 (I) 438) undertaken an investiga¬ 
tion into the taste of ketones allied to this compound and finds 
that certain unsaturated ketones have hardly any taste, but on 
reduction yield more soluble compounds which are distinctly 
pungent. The degree of pungency is considerably influenced 
by the position of the hydroxyl group in relation to the ketonic 
side-chain and is specially marked when there is a methojqr 
group in the meta position. 

An interesting paper on colour variation in Anthocyanins 
is published by Shibata, Shibata and Kasiwagi (/, Amer. Chem. 
Soc. 1919, 41, 208), but for particulars the reader is referred 
to the original, as reasons of space do not permit of its abstrac¬ 
tion here. 

IKUnBXbAXOOT. By Alexander Scott, M.A., D.Sc. 

G. A. Rankin and H. E. Merwin (Amer. Jour. Set. 45, 301, 
1918) have investigated the ternary system MgO — AlaO* — SiOg, 
so far as the equilibrium between the various solid phases and 
the melt are concerned. The substances stable in contact 
with the melt comprise the three simple oxides, the four com¬ 
pounds previously foimd in the ternary systems, and one 
ternary compoimd aMgO, aAlaOj, sSiOg. Thb last, like 
dinoenstatite (MgSiOj), dissociates below its melting-point 
and is capable of taking up a considerable amount of silica in 
solid solution. It exists in two modifications, the low-tem¬ 
perature form being obtained by the crystallisation of a glass 
below 950® C and imdergoing an apparently irreversible trans¬ 
formation to the other form at somewhat higher temperatures. 
The properties of both forms s^iee dosely with those of the 
natural mineral cordieiite, but the latter* differs from the former 



RECENT ADVANCES IN SCIENCE 


39 


in that it usually contains some ferrous oxide and is also 
hydrated. Natural cordierite, heated to 1440* C. for thirty 
minutes, breaks down to glass and sillimanite in a manner 
similar to the behaviour of the form of the ternary compound 
mentioned above. 

The application of these results to petrology calls attention 
to several important problems which have not yet been solved ; 
these include the nature of the alumina-bearing molecule in 
the non-alkaline pyroxenes and amphiboles, the part played 
by water in many pyrogenetic minerals, and the influence 
of ferrous oxide in the ferromagnesian metasilicates. The 
ternary compound mentioned above can hardly constitute 
the alimiinous molecule in the pyroxenes, as, though it can 
apparently take up silica, and to a small extent spinel, in solid 
solution, it shows no signs of being isomorphous with the 
metasilicate. As no other ternary compound is stable m con¬ 
tact with the melt, the alumina-bearing molecule isomorphous 
with the metasUicate must, so far as the dominantly magnesian 
pyroxenes and amphiboles are concerned, be one which dissoci¬ 
ates below its melting-point. Hence the fact that Tschermak's 
hypothetical silicate, which has been suggested as the aluminous 
molecule in these minerals, dissociates on fusion (Site. Akad. 
Wiss. Wien. 121 , 897, 1912) is not a valid argument against its 
emstence. 

The instability of MgAlsSiOe at high temperatures has been 
verified by V. Schumoff-Deleano (Centr. Min. 1917, 290), who 
has attempted to determine the constitution of aluminous 
augite by synthetic means. This writer finds that diopside 
(CaMgSisOe) can take up i S per cent, of alumina in solid solution, 
a similar result being obtained in the case of enstatite (MgSiOa) 
and pseudowollastonite (CaSiOs). So far as enstatite is 
concerned, this result is at variance with the work of G. A. 
Ranldn and H. E. Merwin, who state {loc. cit. p. 307) that in 
the temaiy system MgO—AlaOs—SiC^, m^nesium meta- 
silicate is a compound of constant composition, while the result 
for the lime compound is contradicted by the work of G. A. 
Rankin and F. E. Wright {Amer. Jour. Sd. 39, i, 1915), who 
find that the amount of alumina that CaSiOs can hold in solid 
solution is less than i per cent. So far, the experimental 
evidence is insufificient to allow discrimination amongst the 
numerous theories that have been advanced. 
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With reference to the presence of water, the dose resem¬ 
blance between natural cordierite and the ssmthetic anhydrous 
compound indicates that the water in the former is not an 
essential part of the molecule, as was suggested by the synthesis 
of anhydrous cordierite by Morozewicz {Tscher. Min. Mitt. 
18 , 28, 1898) and by the work of Weibull {Geol. Form. For- 
handl. 82 , 33, 1900). It is very probable that the water in 
the natural cordierite is analogous to that in such amphiboles 
as tremolite, where it is supposed by E. T. Allen and J. K. 
Clement {Amer. Jour. Sci. 26 , loi, 1908) to be present in solid 
solution. 

It is significant that the minerals which contain this " oc- 
duded ” water are usually not those stable at the highest 
magmatic temperatures, and hence it seems feasible that one 
function of the water is to lower the temperature range at 
which the rock solidifies, with the consequent production of 
the forms stable at lower temperatures {e.g. amphibole instead 
of pyroxene). The water, then, is occluded in the mineral and 
plays no essential part in the molecule. It is possible that this 
explanation also holds for the hydrated form of cordierite. 

Although most naturally occurring rock-forming metasili¬ 
cates contain iron, most of the synthetic work which has been 
done has been carried out with iron-free silicates, and hence 
the effect of the presence of ferrous oxide, etc., on the equili¬ 
brium of the various systems is little known. Several attempts 
have been made to work out the system FeO—SiO® (cf. Hofman, 
Tram, Amer. Inst. Min. Eng. 29 , 701, 1899), but these have 
not been very successful owing to the difficulties introduced 
by the existence of the various iron-oxides and the fact that 
the relations between these are not yet completely known (cf, 
R. B. Sosman and J. C. Hostetter, Jour. Amer. Chem. Soc. 38 , 
807, 1916). In a recent paper, A. McCance (jemr. Iron and Steel 
Imt. 47 , 239, 1918) obtains results very different from those of 
Hofman, In a number of melts obtained by fusing a mixture 
of ferrous carbonate and silica, crystals form which are stated 
to be .griinerite (FeSiO*). As, however, the composition is not 
verified by analysis and the identifications are made by metallo- 
graphic in place of the more usual petrographic methods, it h 
very doubtful if the crystals are really ferrous metasilicate. 
In any case it is highly improbable that griinerite, which is an 
amphibole and seems generally to be of metamorphic origin 
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(cf. A. Lacroix, Bull. Soc. fr. Min. 9, 40, 1886; 40, 62, 1917), 
could be obtained by the cooling of a melt of the composition 
FeSiOj. The fact that, except for the very few occurrences of 
griinerite, ferrous metasilicate has not been found in anything 
like a pure state in nature suggests its instability at its 
melting point. The evidence of igneous rocks where ferrous 
and magnesium compounds constantly occur in isomorphous 
admixture both as orthosilicates and metasilicates, does, how¬ 
ever, indicate that the stability of the magnesium silicates is 
not greatly modified by the presence of ferrous oxide. 

Although a large volume of work has been done on the 
cr3rstallisation of silicates from melts, very little is known 
concerning the nature of the compounds which exist in the 
fused condition. Most of the attempts to gain information 
about the latter have involved the measurement of certain 
phjreical properties of undercooled liquids (glasses) composed 
of the mixtures examined. Thus E. S. Larsen {Amer. Jour. 
Set. 28, 263, 1909) foimd that the refractive indices and specific 
gravities of the albite-anorthite series (continuous solid solu¬ 
tion) lay on straight lines. A similar result was obtaiued 
for the refractive indices of CaSiOa—MgSiOs (which form one 
compound CaMgSiaOe stable at its melting-point) while the 
density curve, although not stra^ht, showed no cusps or other 
critical points. This work has been re-interpreted by E. W. 
Tillotson {Jour. Amer. Cer. Soc. 1, 76, 1918), who maintains 
that both properties in the latter system show breaks in the 
curves, indicating the existence of compoimds of the composi¬ 
tions CaiMgSigOis and CaMgjSuOu, the latter corresponding 
to tremolite. Similar investigations of the ternary systems 
NajO—BaO—SiOj and NaaO—CaO—SiOa indicate the exist¬ 
ence of several compounds in the former system and of one 
in the latter (2Na30, sCaO, 7Si08). This latter compound has 
not the composition, sNaaO, 3CaO, sSiOa, of the compound, 
which is indicated by the only maximum on the freezing-point 
diagram (Kultascheff, Zeii. Anorg. Chem. 187, 1903), while 
in the case of the sodium barium series R. Wallace {ihii. 6^ 8, 
1909) found a continuous series.of solid solutions. There 
seem to be two serious objections to the deductions made from 
this work. Firstly, the experimental errors are of a magni¬ 
tude comparable with that of the deviations from the con¬ 
tinuous curves, and secondly, since the work is carried out at 



SCIENCE PROGRESS 


42 

ordinary temperatures, the compounds in the glass may not be 
those stable at high temperatures. 

The latter of these is overcome by A. L. Field and P. H, 
Royster {U.S. Bureau of Mines, Tech. Paper 189, 1918), who 
have investigated the temperature-viscosity relations of part 
of the system CaO — AljOs — SiOs. The compositions of the 
mixtures examined lay within the stability fields of calcium 
metasilicate and gehlenite (Ca2AljSi07). In a binary mixture 
of the two silicates, the isothermal viscosity curves show a 
Tninimiim for the eutectic mixture, and a maximum nearer the 
wollastonite end of the series, the discontinuities being much 
sharper at lower temperatures {e.g. 1350® C.) than at high 
temperatures (e.g. 1600° C.). In the ternary sjTStem, maxima 
occur at the quintuple points, and minima at the binary eu¬ 
tectics. Since the stability fields of the compounds are deter¬ 
minable from viscosity measurements, it follows that the 
compounds exbt in the liquid state. Although this is appar¬ 
ently in opposition to the view of R. B. Sosman (Trans. Faror 
day Soc. 12, 170, 1916) that such compounds as diopside are 
dissociated in the liquid state, the two cases are not strictly 
analogous. Gehlenite, for example, is probably the calcium 
salt of an aluminosilicic acid and is therefore analogous to such 
a salt as potassimn ferrocyanide, while diopside, on the other 
hand, is probably a “ molecular compoimd ” and is analogous 
to such double salts as potassium zinc sulphate. Further, the 
system CaSiOs—MgSiOs is complicated by the fact that clino- 
enstatite (MgSiOj) breaks up below its melting-point to the 
orthosilicate and free silica. 

Some further work on the interesting question of the 
stability of the silica minerals has been carried out by J. B. 
Ferguson and H. E. Merwin (Amer. Jour. Sci. 4 S, 417, 1918), 
who have redetermined the melting-points of tridymite and 
cristobalite. The former is,found to melt at 1670®± 10®C. 
and the latter at 1710® ± 10® C. The authors also succeeded 
in converting pure quartz to a mixture of tridymite and cristo- 
balite by the action of dry heat at 1350° C., and tridymite 
similarly to cristobalite at a temperature in the neighbourhood 
of the melting-point of the former. This work affords some 
verification of le Chatelier's contention (Bull. Soc. fr. Min. 40, 
44, 1917) that tridymite is stable above the temperature, 
1470® C, given by C N. Feimer (Amer. Jour. Set. 86, 331, 1913) 
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as the tridymite-cristobalite transition temperature, while at 
the same time it indicates that cnstobalite has a stable 
temperature range above that of tridymite (cf. Trans. Cer. 
Soc. 17, 148, 1917)- 

The formation of cristobalite by the devitrification of 
crown g la<js is noted by C. N. Fenner and J. B. Ferguson {Jour. 
Amer. Cer. Soc. 1, 468, 1918), who ascribe the “milkiness’’ of 
certain artificial glasses to the separation of crystals of this 
mineral (cf. F. Gelstharp, ibid. p. 559). 

Several papers dealing with the crystals found in various 
types of artificial glass have been published recently. N. L. 
Bowen {Jour. Wash. Acad. Sci. 8, 88, 1918) discusses the 
analogies between the occurrence of heterogeneity in glass 
and certain phenomena observed in igneous rocks. In a 
second paper {ibid. 8, 265, 1918) a hitherto unknown ortho¬ 
rhombic sfiicate, BaSijOs, is described as occurring in barium 
crown glass and data are given for the melting-pomt and the 
optical properties. A third paper (Jour. Amer. Cer. Soc. 1, 
594, 1918) is concerned with the investigation, by means of 
petrographic methods, of the various types of stones (crystal¬ 
line particles) which are found in glass. The identification of 
the crystals, together with the examinations of the structure 
and texture, allows the origm of the stones to be determined. 

An interesting paper by G. V. Wilson {Jour. Glass Soc. Tech. 
2,177,1918) describes the formation of certain minerals in glass 
furnaces. The crystallisation of the glass itself results in the 
development of quartz, tridymite, wollastonite (j8-CaSiOs), and 
augite, while the action of the glass on fragments of lime¬ 
stone gives, m addition to the metasilicates mentioned above, 
mdilite and tricalcium silicate (CasSigOr). The corrosion of 
the materials of the furnace by the glass gives such minerals 
as sillimanite, corundum, magnetite, oligoclase-felspar, and 
biotite (apparently anhydrous). Various deductions are made 
concerning the conditions under which the minerals formed. 

BOSAST. By K J. Salisbury, D.Sc., F.L.S., East London College^ 

Umversity, London. * 

Morphology .—'An extensive study of shoots has appeared 
fifom the pen of Prof. Wanning {Mim. d. I'Acad. Roy. d. Sd. 
et Lett. d. Danemark), in which he distinguishes the follow- 
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ing types : (a) Stolons, in which the plagiotropic shoots are 
overground, with long intemodes, and bear foliage leaves; 
(b) Suboles, where likewise the intemodes are elongated, but 
the leaves are reduced to scales and the structure as a whole 
is pale-coloured. A modification of this type is presented in 
those cases where the terminal region is enlarged as a food 
reservoir ; (c) Rhizomes, a term restricted to thick plagiotropic 
shoots with short intemodes from which the aerial shoots 
arise; (d) Rhizodes, which resemble suboles except that the 
lateral shoots develop from definite main buds, as in Hippuris 
and Eleochoris ; (e) Creepers and leaf-bearing suboles, in which 
the plagiotropic shoots, whether overground or underground, 
do not arise from the base of an erect shoot; (/) Rootstocks 
in which the underground stem is erect. Numerous examples 
of all these types are described, together with a consideration 
of their biological features. The length of the intemodes 
appears to be lai^ely dependent upon the density of the sur¬ 
rounding soil, whilst the direction of growth, though mainly 
related to gravity, is in some cases even more dependent upon 
moisture (e.g. Tussilago). The level of growth is related to a 
variety of environmental factors, such as the physical con¬ 
dition of the soil, its aeration, moisture, temperature, chemical 
reaction, amount of nutrients and biotic relations. 

The underground shoot, which is regarded as a modification 
of the aerial, is particularly prevalent in certain types of 
habitat. Thus in Denmark, of the species exhibiting this 
modification, 34'5 per cent, occur in woods and hedgerows, 
30-09 per cent, on wet soil and the remainder in a variety of 
habitats. 

The present writer has mvestigated the floral structure of 
Eranthis hyemalis, Ficaria verna, Anemone nemorosa, Aconitum, 
spp., and other Ranunculaceae (Ann. Bot. Joum.). In most of 
these the " curve ” of meristic variation for the androecium and 
gynseceum is multi-modal in character, the modes corresponding 
iKually to some multiple of three. The minimu m is also often 
a multiple of that number. These facts and the sequence 
of dehiscence of the stamens, the orientation of the super¬ 
numerary perianth members, and the frequent occurrence of 
partially bifurcated organs, suggest that the Ranunculacese 
were primitively trimerous, though the feature has become 
obscured by fission, fusion and abortion. Positive coirelation 
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has been shown to obtain between the different whorls, and it 
is pointed out that this is inconsistent with the view that 
supernumerary perianth members are the outcome of trans¬ 
formation of stamens. The perianth is regarded as having 
been derived either entirely from bracts, or in part from these 
and in part from stamens. 

Taxonomy. —E. D. Merrill has described a new species of 
Oreomyrrhis from Mount Kinabalu which adds another to the 
alreadj' known Australian types from that locality {American 
Joum. Bot.). To the same journal J. C. Arthur contributes 
the final portion of his paper on the Uredinales of Guatemala, 
in which 9 new species of Puccinia are described, and also addi¬ 
tions to the form genera Uredo (4 spp.) and Aecidium (2 spp.). 
In the Journal of Botany for January Canon BuUock-Webster 
describes a species of Nitella, closely allied to N. fiexilis from 
Lough Shannagh. In the concluding parts of his paper on 
the genus Maneitia, Dr. Wemham describes 26 further 
species. 

Seven additions to the genus Sedum are diagnosed by 
Praeger, and Miss Lister describes two new varieties of Lam- 
proderma. 

Three new species of Phyllanthus are described by Fawcett 
and Rendle. J. F. Rock adds five more species to the genus 
Cyrtandra and several varieties all from Hawaii {Amer. Joum. 
Bot. Feb. 1919). 

New species of Carmichcelia have been described by Prof. 
Cockayne {Trans. N.Z. Institute, vol. 1.). 

S. F. Blake {Contrib. Gray Herb. 1918, 68) has described 
several new genera belonging to the Flacourtiaeeae {Hecaio- 
stemon), Compositse {Oxycarpha), and Loasaceae {Schismocarpus), 
and a number of ngw species. In the same journal J. F. 
MacBride describes new species of Tricyrtis, Atriplex, Cirsum, 
Lomatium, Lotus and Lycium. 

Heredity and Genetics. —'A most useful summary of the pre¬ 
sent state of knowledge of heredity and variation in Pisum 
with a bibliography of over 100 papers, has been compiled by 
O. E. White {Mem. Brooklyn Bot. Garden, No. 19). In the 
introductory matter this author lays stress on the importance 
of recognising that the so-called “ characters ” are the visible 
expression, not of the hereditary factors alone, but a combined 
effect of these and the environment. For each group of 
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characters the different factors are considered in turn, the 
crossing experiments that have been performed with them and 
the interpretation of the results observed. 

The same author contributes a study of inheritance in 
Ricinus communis. Amongst the pairs of characters dealt with 
were : Red-blush and green stems ; bloom and absence of 
bloom ; d^iscent and indehiscent pods ; oval and orbicular 
seeds, in each pair the first-named behaving as a dominant. 
In respect both to dehiscence and seed-shape the F2 analyses 
suggest that two pairs of factors are involved since 39:7 ratio 
was approximated. In the former case the pure dominant 
probably represents a combination of thin capsule wall with 
dehiscence. Crosses between large and small seeded t3T)es 
yielded seeds of intermediate size in Fi, and in F2 ail grada¬ 
tions between the two extremes. The author emphasises the 
commercial value of the indehiscent strain and of the high 
productiveness of F4 hybrids. 

In a recent study of height in Pisum, White {Coniribidions 
Brooklyn Bot. Garden, No. 20) has shown this to be dependent 
on the presence or absence of at least five genetic factors. He 
recognises three types of intemode length of which “ long '* 
and “ very long ” are. found in tall peas and the short type in 
dwarfs ; moreover, the internode number may have three 
ranges in tails, viz. 20-30, 20-40 or 40-60, but in dwarfs 
ranges from 10-20. 

W. N. Jones, in a suggestive paper on the subject of the 
nature of Fertilisation and Sex {New Phytologist, Dec. 1918), 
compares fertilisation with the attack of a parasite upon 
its host, infertility being compared with immunity and 
the fusion product with symbiotic union. The postulated 
“ gynoplasm ” and " androplasm ” are regarded as more or 
less segregated at gamete formation. Stress is laid on the 
necessity for distinguishing between factors determining sporo- 
phytic sex and those‘determining gametophytic gender. 

Ecology. —.Harvey and True in a paper of considerable in¬ 
terest to ecologists (Amet. Joum.Bot. Dec. 1918) describe experi¬ 
ments in which plants of Squash, Soya Bean and Sweet Corn 
woe grown in solutions of different salts with a view to ascer¬ 
taining the concentration at which absorption and excretion 
of electrolytes are in equilibrium. The results obtained seem 
to indicate an absorption minimum for each species which is 
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independent of the kind of nutrient salt, its original concen¬ 
tration or the volume employed. 

In relation to the more beneficial effect of liming on Barley 
than on Rye, Hartwell and Pember have tested the two species 
in water, and sand cultures to which sulphuric acid had been 
added (Soil Science). For both types of culture the depression 
of growth was almost the same for the two species. Soil extract, 
however, from an acid soil had a much more deleterious effect 
on the Barley than on the Rye, and the same effect was pro¬ 
duced when the ash of the soil extract was brought into solu¬ 
tion. It was found that the different effect of acidity on the 
two species was due to aluminium. The latter appears to 
have a more pronounced toxicity for Barley than Rye, and it 
is suggested that the advantages of phosphating and liming 
soils may be due to precipitation of active aluminium. 

The ecology of lichens is the subject of a paper by R. Paul¬ 
son, dealing especially with Epping Forest (Essex Naturalisi, 
1918). Of the sixteen species recorded from the trunks of the 
hornbeam, eight are members of the Graphidiaceae. The terri- 
colous lichens are similar to those of Oak woods but less 
numerous and luxuriant. In the woods north of London the 
Graphidiaceae are very poorly represented and mostly found 
in Qmreus sessiliflora woods on young trees 15-25 years 
old. The lichen flora of Beech woods is not abimdant, except 
in well-lighted spots on the North Downs, but Lecidia emsiu- 
lata and Rhizocarpon confervoides occur, pairticularly on the 
pebbles in the Beech areas of Epping. Lists of lichens from 
five Calluna heaths comprise twelve species of which half are 
Cladonias, two belong to the genus Boeomyces, two to Lecidia 
and one species to each of the genera Cetraria and Peetigera. 

Pathology. —The specialisation of fungal parasites belong- 
ir^ to the genus Sepioria has been the subject of investigation 
by W. S. Beach (Amer. Joum. Bot, Jan. 1919). As the result 
of numerous inoculation experiments, he has demonstrated 
that some speci® are probably differentiated into biologic 
forms. Most of the species are limited in their power of in¬ 
fection to one or few closely related hosts. Thus Septoria 
brumllae is probably restricted to Prunella vulgaris, but S. 
lactricoUi from Lactuca canadensis not only infected other 
species, but also Sonchus oleraceus though not S. asper. The 
age of maximum susceptibility varies with the host. In the 
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case of Malva roiundiflora, Convolvulus arvensis and C. septum 
the oldest leaves were most quickly attacked, but those of 
Lepidium virginicum are equally susceptible whether yotuig or 
mature. Infection of the upper-leaf surface took place more 
readily in Polygonum persicaria, Erigeron annuus and Lactuca 
scariola, whilst Solanum carolinense was only infected from the 
lower surface. 

Observations on the variations of spore-length of the same 
species of fungus grown under different conditions gave strik¬ 
ing results. Variation curves are furnished of the spore- 
lengths of Septoria verbasdcola grown on Agar and on Ver- 
bascum blattaria. On moist Agar the range was from 30/*—■ 
90/» with the mode at 6i/t, whilst on dry .Agar the mode was 
54/* and the range 32/* to 80/t. On the Mullein leaves the 
difference between the spores on leaves in dry and damp con¬ 
ditions was even more marked, the range in the former case-’ 
being 25/*—65/*, and in the latter from 30/t—91/*. Growth on 
a different host but with similar environmental conditions 
caused practically no alteration in the spore dimensions. As 
the author justly remarks, these results raise considerable 
doubt as to the value of spore measurements for specific deter¬ 
mination. 

• PT.Am p PETSIOLOOY. By Ingvar Jokgensen, Cand. Phil., D.I.C., 

University College, London. (Plant Physiology Committee.) 

Plant ph3?siological investigations present at this time a 
rather interesting aspect. A general survey gives evidence of 
a good many currents of thought, and although the resultant 
at first sight might give rather the appearance of confusion, yet 
it seems certain that we are at the beginning of a period of 
progress in biological research. 

The realisation that the life phenomena of the plant are not 
as simple as would appear at first sight, and that the plant ex¬ 
perimenter could not control his material in the same rigid 
way as the chenaist and physicist, and that under “ natural ” 
conditions only a very limited number of combinations of 
external conditions is operative, gave rise to a transitional 
period where different working hypotheses and guiding prin¬ 
ciples were utilised in the collection of experimental data. On 
the one hand we have the evolution of rather philosophical 
conceptions and units, and on the other hand we have the 
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introduction of semi-mystical terms, “ cloaks for ignorance,” 
as an American writer has termed them: ” biological error,” 
“ limiting factor,” “ inhibition factor,” "antagonism,” and 
even the term “ stimulus ” has been subjected to much ill-use. 

The main development of this phase of plant physiology 
has taken place on the Continent of Europe, with its sequel 
of lively controversies, but it may be interesting if examples 
are cited from this country and from America representing 
extreme views on the matter. 

As an example of the philosophical school of thought, one 
may quote from the recent work of a physiologist (J. S. Hal¬ 
dane, The New Physiology, London, 1919): “ The problem of 
physiology is not to obtain piecemeal ph3^ico-chemical ex¬ 
planations of physiological processes, but to discover by 
observation and experiment the relation to one another of all 
the details of structure and activity in each organism as ex¬ 
pressions of its nature as an organism.” " For biological 
phenomena the schematised physical conceptions are insuffi¬ 
cient practically, and we must therefore make use of special 
biological conceptions, the relation of which to the physical 
conceptions must for the present remain more or less obscure 
for the lack of data.” " That a meeting-point between biology 
and physical science may at some time be found there is no 
reason for doubting, but we may confidently predict that if 
that meeting-point is found, and one of the two sciences is 
swallowed up, that one will not be biology.” 

As a contrast to this one may refer to the recent researches 
of J. Loeb on Regeneration in Bryophyllum. This writer has 
obviously taken the point of view that the rather philosophical 
method of observation of European writers has not led to any 
great success. All previous work is therefore ignored and the 
author starts afresh to carry out quantitative experiments 
which can be interpreted according to the ordinary laws of 
physics and chemistry- To quote this author (" The Law 
Controlling the Quantity of Regeneration in Bryophyllum 
calycmum," Joum. Gen. Physiol. 1918, 1, pp. 81-96): "This 
law shows that the problem of regeneration is part of the 
problem of growth, and that it falls under the law of chemical' 
mass-action.” Whether this drastic statement can be sub¬ 
stantiated by further research remains to be seen, but one 
seems to detect in subsequent papers on the same subject 

4 
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signs of the creeping in of those semi-mystical e2q)ressions re¬ 
ferred to above. 

The facts obtained in Loeb’s investigations so far have 
appeared in a number of papers during the last two years: 

“ On the Association and Possible Identity of Root-forming 
and Geotropic Substances or Hormones in Bryophyllwn caly- 
cinum,” Science, 1916, 44 , 210-11; “Further Experiments 
on Correlation and Growth in BryophyUum calycinum,” Bot. 
Gas. 1916, 62 , 293-302; " A Quantitative Method of Ascer¬ 
taining the Mechanism of Growth and of Inhibition of Growth 
of Dormant Buds,” Science, 1917, 46 , 436-49 ; “The Chemi¬ 
cal Basis of Regeneration and Greotropism,” Science, 1917, 46 , 
115-18; “ Influence of the Leaf upon Root Formation and 
Geotropic Curvature in the Stem of BryophyUum calycinum 
and the Possibility of a Hormone Theory of these Processes,” 
Bot. Gas. 1917, 68, 25-50; “Chemical Basis of Correlation. 
I. Production of Equal Masses of Shoots by Equal Masses of 
Sister Leaves in BryophyUum calycinum," Bot. Gas. 1918, 66> 
150-74; “ The Law Controlling the Quantity and Rate of 
Regeneration,” Proc. Nat. Acad. Sci. 1918, 4 , 117-21 ; “ The 
Law Controlling the Quantity of Regeneration in the Stem of 
BryophyUum," Joum. Gen. Physiol. 1918, 1, 81-96; “The 
Physiological Basis of Morphological Polarity in Regeneration,” 
Joum. Gen. Physiol. 1919, 1 , 337-62. 

The chief conclusion which Loeb draws from his investiga¬ 
tions is that the mass of a tissue regenerated by an isolated 
piece of an organism is directly proportional to the mass of 
growth material contained in the sap or blood of the isolated 
piece, other conditions and time being constant. The experi¬ 
ments were made on BryophyUum calycinum, which is par¬ 
ticularly suitable for the purpose. When leaves of this plant 
are isolated from the stem they regenerate shoots in some or 
many of the nodes. When a piece of stem is cut out from a 
plant it will form shoots from two of its most apical buds, the 
mass of shoots regenerated being in direct proportion to the 
mass of a leaf attached to the stem in the latter case, and to the 
mass of the isolated leaf in the former case. 

In order to explain some other facts, namely, that as a 
rule, only the apical bud of an isolated piece of stem grows 
out into a shoot, and none of the buds situated more basally 
in the stem, and how it is that the same bud which grows out 
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when the piece of stem is cut out from the whole plant does 
not grow out as long as the piece is part of a whole and normal 
plant, the author suggests that the growing apex as well as the 
leaves of a plant continually produce and send towards the 
base of a plant substances which inhibit the growth of dor¬ 
mant buds. When a piece of stem is cut out, the inhibitory 
substances then present in the stem will continue to move 
towards the base, so that the most apical buds will be the 
first to become freed from the inhibitor, with the result that 
they are the first to grow out into shoots. As soon as thb 
happens these latter send out the inhibitory substances, as a 
consequence of which none of the more basally situated buds 
are able to develop further. 

Similar considerations are presented in regard to the 
phenomena of geotropic curvature in Bryophyllum, where the 
author assumes that a hypothetical geotropic hormone is 
associated, or identical, with a root-forming hormone, which is 
responsible for the geotropic growth which takes place in the 
cortex of the lower side of a horizontally suspended stem. 

A somewhat different outlook, which perhaps approaches 
the happy medium between the two extreme views cited 
above, and which perhaps best illustrates the modem ten¬ 
dencies in plant physiological research, is found in a paper by 
G. Gassner (“ Beitr%e zur physiologischen Charakteristik 
summer- und winterannueller Gfewachse insbesondere der 
Getreidepflanzen,” Zeitsch. /. Bot. 1918, 10, 417-80). The 
general characteristic of winter and summer annual plants is 
the length of the vegetation period, winter annual plants ger¬ 
minating the autumn of the year preceding that of maturation. 
A closer esperimental examination reveals that the conditions 
are not so simple. Winter annual plants can be brought to 
germinate in the spring of the same year in which maturation 
occurs, for instance, by allowing the seeds to germinate at 
a temperature of -1- 1“ to -H 2° C. and then transferring them 
to the open. One cannot, therefore, say that the characteristic 
of a winter or a summer annual plant is due to some hereditary 
property independent of external conditions. The life period 
under natural conditions is determined by a certain co-opera¬ 
tion between certain internal characteristics and external 
natural conditions. We cannot thus speak of a specific 
autonomous life period of annual plants, nor of a rhythmic rest 
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period of winter annual forms, as this rest period can be elimi¬ 
nated under suitable experimental conditions. We maybe able 
to speak of properties which, in co-operation with climatic con¬ 
ditions, determine the natural vegetation period. Such pro¬ 
perties are, in addition to a characteristic after-ripening period 
in the seed, a specific low-temperature requirement, and a 
specific frost-resistivity, but also here difficulties arise on 
closer examination. A specific frost-resistivity of an organism 
does not exist. Ejsperience shows that the same plant has 
different powers of resistance to frost at different stages of 
development. Consequently we cannot speak of an autonomous 
frost-resistivity, but only about inheritance of a specific pro¬ 
perty to produce under certain external conditions more or 
less resistance to frost. Similarly concerning the requirements 
in regard to low temperature the author has shown that the 
floweiing of winter annual grasses is bound up with the action 
of low temperature, but it must be observed that, according to 
the age of the plant, different low temperatures must be applied. 
But even with plants of the same age the same low tempera¬ 
ture acts differently according to other external conditions. 
A temperature which, in light and air rich in carbon dioxide, 
will result in flower formation at a later stage, does not do this 
if illumination or carbon dioxide are insufficient. The author 
arrives at a conclusion in regard to the inheritance of plant 
properties similar to that of some investigators in genetics, e.g. 
Baur (“Emftihrung in die Exakte Vererbungslehre,” Zweite 
Aufl., !^rlin, 1914), who cites the case of Primula sinensis rubra 
and P. sinensis aWa, in which the colour ot the flower is bound 
up with a certain temperature, for if P. sinensis rubra is culti¬ 
vated at about 30“ C. the colour becomes white. As Baur 
says : “ Only a certain specific type of reaction to the external 
world is inherited, and what we perceiye with our senses as 
external characteristics are oiJy the result of this reaction on 
a chance combination of external conditions under which the 
individual has developed.” 

ZOO£OOT. By Prof. Chas. H. O’DoNOGHtnE, D.Sc., F.Z.S., University 
of Manitoba, Winnipeg, Canada. 

Ireoertehrcda. —The theory put forward by Child that there 
is an axial metabolic gradient in Tubularia has been reinvesti¬ 
gated by Banus (“ Is the Theory of Axial Gradient in the 
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Regeneration of Tubularia supported by facts?” Jour. Exp. 
Zool. vol. xxvi. No. 2, July 1918). The principal evidence 
adduced by Child was that if a polyp was cut into two and 
decapitated, the oral end would grow a new head more quickly 
than the basal end, but the present author by means of further 
ei^eriments of the same sort claims that this is not the case 
and that the two ends can regenerate a head at equal speeds. 

Gatenby in a paper on ” The Cytoplasmic Inclusions of 
the Germ-Cells: Part 3, The Spermatogenesis of some other 
Pulmonates ” (Quart. Jour. Micro. Sci. vol. Ixiii. Part 2, August 
1918) continues his investigations into the behaviour of certain 
bodies appearing in the cytoplasm during the processes of 
maturation of the spermatozoa in the pulmonate MoUusca, 
A very useful inclusion in the paper itself is a discussion of the 
terminology that has been employed by various writers and a 
glossary of it. Certainly to any one who was not actually 
dealing with the problems, the number and usage of the terms 
met with in the different memoirs on the subject offered a 
serious stumbling-block. This will be got over if the termin¬ 
ology here proposed should be generally adopted. Various 
bodies and their changes have been investigated, includmg 
Mitochondria, Chondrioplasts, and a new set of structures 
termed post-nuclear granules, and also their reactions to stains 
and fixatives discussed. Finally, it is concluded that " it will 
be seen that strong evidence is being collected against the view 
that the Mitochondria take any part in the transmission of 
hereditary characters.” 

As the result of ” Studies on the Physiological Significance 
of Certain Precipitates from the Egg Secretions of Arbacea and 
Asterias ” {Jour. Exp. Zool. vol. xxvi. No. 3, August 1918), 
Woodward concludes that the secretion, which is of the nature 
of a nitrogenous celloid, contains two distinct substances. The 
first is a sperm agglutinin which activates and reversibly agglu¬ 
tinates sperm of the same or allied species. The second is a 
parthenogenetic agent destroyed by boiling capable of dealing 
with an unsaturated fatty acid from the egg. “ The Develop¬ 
ment of Echinocardium cordaium’. Part 2, The Development 
of the Internal Organs ” {Quart. Jour. Micro. Sci. vol. IxiiL 
Part 2, August 1918) by MacBride constitutes, together with 
his previous paper on the same species, the first complete 
account of the development of a Spatangoid. It is interesting 
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since it shovre that a record of the changes which transformed 
a regular sea-urchin into a Spatangoid are indicated in the 
post-larval development of the latter. Thus, although it is 
devoid of teeth in the adult, five dental sacs are formed in the 
larva; the intestine in the young image is thrown into a re¬ 
verse coil as m the regular Urchin; its spines (with certain 
exceptions) are similar to those of the regular Urchin and so 
on. The madreporite vesicle originates from a dorsal out¬ 
growth of the r^ht anterior coelom. The left anterior coelom 
is modified into an axial sinus which does not develop and is 
vestigeal in the adult. 

Other papers include : Crozier, “ The Amoimt of Bottom' 
Material ingested by Holothurians {Stichopus) ” {Jour. Exp. 
Zool. vol. xxvi. No. 2, July 1918). 

Two points in the embryology of Peripaius as desaribed by 
Sedgwick have led to considerable discussion, and the author 
himself laid a great deal of stress on them in his subsequent 
writings ; these have been reinvestigated by Glen; “ A Revision 
of Certain Points in the Early Development of Peripaius capensis” 
[Quart. Jour. Micro. Sd. vol. Ixiii. Part 2, August 1918). It 
has been found that in the early stages of development there 
is no doubt as to the presence of cell walls—a fact denied by 
Sedgwick. Again, this author maintained that the whole of 
the nephridium was mesodermal in origin, but Glen has shown 
that, as in Annelids, the tube is completely ectodeimal and 
only the funnel is mesodermal. Thus the structure of the 
excretory organ in Peripaius is homologous with that in the 
Annelids. 

“ The Segregation of the Germ-Cells in Trichogramma 
evanescens ” has been described by Gatenby {Quart. Jour. Micro. 
Sd. vol. Ixiii. Part 2, 1918). The author previously described 
a number of the developmental stages in this form and has now 
been able from further material to add to that, the present 
accoimt of the i^ological changes involved in the segregation 
of the germ-cells. The former description of a cloud of granules 
constituting the germ-cell determinant, which seem to appear 
spontaneously in the egg before the extrusion of the first polar 
body, is confirmed. These granules are partly and perhaps 
even entirely composed of cytoplasmic material and their 
function is nutrimental. There is an early separation between 
germ-cells and somatic cells. It seems now to be an estab- 
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lished fact that in certain forms, as here, no centrosome or 
normal spindle exists at special periods of the segmentation. 
The same author deals also with the subject of “ Polyembryony 
in Parasitic Hymenoptera: A Review ” {ibid.). As its title 
indicates, this is a summary of the facts that are known con¬ 
cerning the occurrence of polyembryony, that is, the process 
whereby one egg may produce several score of embryos, as it 
is encountered in the parasitic Hymenoptera, small insects 
about I mm. in length. About lo eggs are laid without vital 
injury to the host eggs. A tropho-anmion is formed as the 
result of the division of the nuclei of the polar bodies, together 
with a certain amount of the egg cytoplasm, and its function is 
to nourish the inner embryonic mass. The primary embryonic 
cell, while the tropho-amnion has been forming, has divided 
into many germinal masses, each of which, after a large number 
have been produced, proceeds to form a separate embryo. 
Later, the larvae break out of their membranes and live freely 
for a time and finally pupate inside the host's body. The re¬ 
view terminates with a discussion of the s^ificance of the 
phenomenon. 

Other papers include : Kunkel, “ The Effects of the Duct¬ 
less Glands on the Development of the Flesh-flies " {Jour. Exp. 
Zool. vol. xxvi. No. 2, July 1918); AUee and Steiu, “ Light 
Reactions and Metabolism in May-fly Njrmphs ” {ibid. August 
1918); Rich, “The GUI-chamber of Dragon-fly N3rmphs “ 
{Jour. Morph, vol. xxxi. No. 2, September 1918); Hampson, 
“ A Qassification of the Pyralidae, subfamUy Hypsotropinae ’’ 
{Ptoc. Zool. Soc. Parts i and 2, August 1918); and Qeghom, 
“ First Report on the Inheritance of Visible and Invisible 
Qiaracters in SUkworms ’’ (<Wrf.). 

Vertebraia. —^Johnson has studied the “ Structure and 
Development of the Sense Organs of the Lateral Canal System, 
of Selachians {Mttstelus canis and Squalus acardhias) ’’ {Jour.. 
Comp. Neur. vol. xxviii. No. i, August 1918). He ^ds that 
“ The sensoiy canal system of Squalus and Mttstelus comprises 
two sets of organs known as canal oigans and surface or pit 
Cleans respectively. The two sets are genetically equivalent, 
but development in the former is carried to a further advanced 
stage, the organs of this t3q)e forming in the adult an essentially 
continuous colunm of sensoiy epithelium along one side of an 
epithelial canal.” Other papers include: Smith, “ On the 
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Process of Disappearance of the Conus Arteriosus in Teleosts " 
{Anat. Rec. vol. xv. No. 2, September 1918); Pinney, “ A Study 
of the Relation of the Behaviour of the Chromatin to Develop¬ 
ment and Heredity in Teleost Hybrids ” {Jour. Morph, vol. 
xxxi. No. 2, September 1918); and Newman, “ Hybrids be¬ 
tween Ftmdulus and Mackerel: A Study of Paternal Heredity 
in Heterogenic Hybrids ” {Jour. Exp. Zool. vol. xxvi. No. 3, 
August 1918). “ The Development of the Hypophysis of the 

Anura ” has been worked out by Atwell {Anat. Rec. vol. xv. 
No. 2, September 1918), who finds this body to consist of three 
epithelial lobes and a neural lobe. The former form the 
anterior lobes, the pars intermedia, and the pars tuberalis. 
The caudal end of the primitive infundibulum thickens and 
becomes transversed by a ridge which later is constricted from 
the infundibulum dorsally and at the sides, and so comes to 
form a definite neural lobe. The pars intermedia develops 
from the caudal tip of the hypophyseal rudiment; the anterior 
lobe proper comes firom the main central part of the rudiment, 
and the pars tuberalis takes origin from the lateral lobes. Other 
papers include : Johnson, “ On the question of Commissural 
Neurones in the Sympathetic Ganglia ” {Jour. Comp. Neur. 
vol. xxix. No. 4, August 1918); Matsumoto, “ Demonstration 
of Epithelial Movement by the use of vital staining, with 
Observations on Phagocytosis in the Comeal Epithelium” 
{Jour. Exp. Zool. vol. xxvii. No. i, October 1918); McClure, 
” On the Behaviour of Bujo and Rana toward Colloidal Dyes 
of the Azo Group (tiypan blue and dye No. 161) ” {Amer. 
Anat. Mem. No. 8, July 1918), and Bhatia and Prashad, “ The 
Skull of Rana tigrina Daud.” (Proc. Zool. Soc. Parts i and 2, 
August 1918). 

It has been shown by Redfield, ” The Physiology of the 
Melanophores of the Homed Toad Phrynosoma ” {Jour. Exp. 
Zool. vol. xxvi. No. 2, July 1918), that there are three types 
of colour change, the first corresponding with daily changes 
of temperature and illumination, the second an adaptation to 
the general environment, and the third coimected with nervous 
excitement. The contraction of the melanophores during 
nervous excitement is ia part due to the activity of the sympa¬ 
thetic nervous system and ia part to the secretion of adrenin 
by the adrenal glands. 

Other papers include : Boulenger, " Description of a new 
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Snake of the Genus Oligodon from Upper Burma ” {Proc. Zool. 
Soc. Parts i and 2, August 1918) ; Lantz, “ Reptiles from the 
River Tajan (Transcaspia) ” {ibid.); and Procter, “ On the 
Variation of the Pit-viper, Lachesis atrox.” 

Papers on birds include : Riddle, “ A Demonstration of the 
Origin of two pairs of Identical Female Twins from the two 
Ova of high-storage Metabolism ” {Jour. Exp. Zool. vol. xxvi. 
No. 2, July 1918) and Slonaker, “ A Physiological Study of the 
Anatomy of the Eye and its accessory parts of the English 
Sparrow {Passer domesiicus) ” {Jour. Morph, vol. xxxi. No. 3, 
December 1918). 

“ On the External Characters of the Lemtirs and of Tarsius " 
{Proc. Zool. Soc. Parts i and 2, August 1918) is an account by 
Pocock of the results of a detailed examination of the external 
characters of a number of different species which have led to 
certain conclusions with regard to the systematic position of 
these forms. Tarsius is removed from the Lemurs and placed 
with the higher Primates. The Primates are thus divided into 
two groups, for which the author proposes the names Strep- 
sirhini, embracing the Lemurs, and Haplorhini, comprising 
Tarsius and the Pithecoidea. The last name is suggested as 
being preferable to the name Anthropoidea. The Strepsirhini 
may then be divided into Lemuroidea and Chyxomoidea. 
“ Neuromeres and Metameres ” is the title of a paper by Neal 
{Jour. Morph, vol. xxxi. No. 2, September 1918), summarising 
the observations based on the nidular relations of the cranial 
nerves in Squalus embryos fixed in various ways. The author 
concludes that “ The nervous connection of four rhombomeres 
with a single visceral arch (the hyoid) and of three visceral 
arches with one rhombomere (the seventh) are facts not easily 
reconciled with the assumption that rhombomeres are metameric 
structures. If they are, the factors which have brought about 
their present non-metameric relations are wholly obscure.” 
Stewart writes ” On the Thymus IV. (so-called) and the Ultimo- 
Branchial Body of the Cat {Felis domestica) " {Amer. Jour. 
Anal. vol. xxiv. No. 2, July 1918). More than seventy embryos 
were examined and the author could find no evidence for 
thinking that it is only the diverticulum ventrale of the fourth 
branchial pouch |hat contributes to the epithelial primordium 
of the internal th3nnic lobule of the thyroid. It appears 
more probable that the entire caudal pharyngeal complex is 
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involved save that part concerned producing parathyroid IV. 
The internal thymic lobule is almost of constant occurrence 
in the cat but is to be regarded as a regressive structure. 

Other papers include: A series of papers on the sympa¬ 
thetic nervous system as follows : Ranson, “ An Introduction 
to a Series of Studies on the Sympathetic Nervous System ” ; 
Billingsley and Ranson, “ On the Number of Nerve Cells in the 
Ganglion Cervicale Superius and of the Nerve Fibres in the 
Cephalic End of the Truncus Sympatheticus in the Cat, and 
on the Numerical Relations of Preganglionic and Postganglionic 
Neurones,” and also “ Branches of the Ganglion Cervicale 
Superius in the Cat ” ; three papers by Ranson and Billingsley, 
” The Thoracic Truncus Sympatheticus, Rami Communicantes, 
and Splanchnic Nerves in the Cat ”; ” An Esperimental 
Analysis of the Sympathetic Trunk and greater' Spl an c hnic 
Nerve in the Cat ” and “ The Superior Cervical Ganglion and 
the Cervical Portion of the Sympathetic Trunk,” all of which 
are in Jour. Comp. Neur. vol. xxix. No. 4, August 1918 ; Allen, 
" Surface View of several Injected Intestinal Villi of a Rabbit ” 
{Anat. Rec. vol. xv. No. x, August 1918); Atwell, “ The Deve¬ 
lopment of the Hypophysis Cerebri of the i^bbit {Lepus 
cunicultts) " {Amer. Jour. Anat. vol. xsdv. No. 3, September 
1918); Casparis, ” Lymphatics of the Omentum ” {Anat. Rec. 
vol. XV. No. 2, September 1918); Curtis, “The Morphology 
of the Mammalian Seminiferous Tubule ” {Amer. Jour. Anat. 
vol. xxiv. No. 3, September 1918); Danchakoff, “ Equivalence 
of Different Hematopoietic Anlages (by method of stimulation 
of their stem cells): II. Grafts of Adult Spleen on the Allantois 
and Response of the Allantoic Tissues” {ibid. July 1918); 
Hollister, “ East African Mammals in the United States National 
Museum: Part I. Insectivora, Chiroptera and Carnivora” 
{U.S. Nat. Mus. Bull. 99, 1918); Jordan, “ A Description of a 
case of False Hermaphroditism ” {Anat. Rec. vol. xv. No. i, 
Ai^ust 1918); *' The Histology of L3rmph, with special refer¬ 
ence to Platdets ” {ibid.), and “ A Contribution to the Problems 
conceinii^ the Origin, Structiue, Genetic Relationship, and 
Function of the Giant Cells of Hemipoietic and EsteolyticFoci ’* 
{ibid. July 1918); King, “Studies on Inbreeding: I. The 
Effect of Inbreeding on the Growth and Variability in the Body 
Weight of the Albino Rat ” {Jour. Exp. Zool. vol. xxvi. No. i. 
May 1918) ; Marshall, “ An Unusual Right Lung ” {Anat. Rec. 
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vol. XV. No. 2, September 1918); Miller, “A New River- 
Dolphin from China” {Misc. Coll. Smithson. Inst. vol. Ixviii. 
No. 9, 1918), and “ Mammals and Reptiles collected by Theo¬ 
dore de Booy in the Virgin Islands ” {Proc. U.S. Nat. Mits. 
vol. liv. 1918); Radash, “ A Branching or Duplication of the 
Neural Canal ” {ibid.), and Risquez, “ Un casa de ectopia extra- 
toraxica ” {Und. July 1918). 

General. —The papers include: Allen, “ An Inexpensive 
Projection and Drawing Apparatus ” {Anat. Rec. vol. xv. No. i, 
August 1918); Mast, ” Effects of Chemicals on Reversion in 
Orientation to L^ht in the Colonial Form, Spondyhmorum 
quatemarium ” {Jour. Exp. Zool. vol. xxvi. No. 3, August 1918); 
and Miller, " A Differential Injection Mass for use with Stereo¬ 
roentgenograms ” {Anat. Rec. vol. xv. No. i, August 1918). 
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THE WATER ECONOMY OF MARITIME 

PLANTS 

By T. G HILL, AR.CS, F.LS., 

University College^ London 

Since 1904 particular attention has been given by the botanical 
department of University College, London, to the problems 
associated with the conditions of existence of maritime plants.' 
The investigations alluded to were initiated at Erquy on the 
coast of Brittany, and were continued at Blakeney in Norfolk 
and in the departmental laboratories. Amongst the results 
obtained is a certain amount of information regarding the 
absorption and transpiration of water by halophilous plants, 
more particularly by such characteristic forms as Salicomia 
and Sticeda. 

In the present article an attempt is made to weave into a 
consecutive story the results already made public together 
with certain impublished observations; attention to other 
work is given only so far as is considered necessary. 

THE ACTION OF SODIUM CHLORIDE 

Sodium chloride being an all-important factor in the con¬ 
figuration of a salt-marsh vegetation, attention may first be 
directed to certain effects of this substance on plants. 

The work of several investigators has shown that a solution 
of pure sodium chloride has a pronounced toxic effect upon 
plants ; and this is true not only for ordinary mesophytes, but 
also for marine plants. If, however, other salts be dissolved 
in the salt solution, the solution, although it contains as much 
sodium chloride as before, does not have any such fil-effect. 

Under natural conditions, plants are not subjected to the 
action of pure solutions, and if sodium chloride be present in 
the soil, there also are present other salts which exert a pro- 
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tective influence. But notwithstanding this, there are a large 
number of plants which are intolerant of this salt except in 
the smallest amounts ; such plants will never be found growing 
in a salt marsh. On the other hand, many plants can and do 
flourish in soils which are excessively saline. Between these 
two extremes plants of an intermediate constitution obtain; 
and in some cases it appears that plants normally intolerant 
may be educated to endure certain salts. Thus Strange ^ found 
that the cells of the root-tip of the white lupin and of the scarlet 
rimner quickly died if placed directly into a solution of *5 per 
cent, potassium nitrate ; but if they were placed in water and 
the salt added so that the concentration was gradually in¬ 
creased, they could endure a strength of i per cent, without 
succumbing. With regard to the limits of endurance of salt 
marsh plants, Halket ® found that Salicornia ramosissima and 
Sueeda maritima could withstand the presence of 17 per cent, 
of sodium chloride in the soil water. 

Typical maritime plants can not only live in such highly 
saline soils, but may require a certain amoimt of sodium chloride 
for their normal development. 

The series of water and other cultures carried out by Halket 
showed that species of Salicornia grow better in the presence 
of sodium chloride than in its absence, the most luxuriant 
growth taking place when 2-3 per cent, of this substance is 
present. The results obtained for Salicornia oliveri are graphi¬ 
cally shown in Fig. i. 

On the other hand, Sueeda maritima is more indifferent, 
growth being as vigorous with as without the salt, provided 
that not more than i per cent, obtains. If present in greater 
amounts, the growth of the plants is proportionately diminished. 

The permeability or otherwise of membranes, with regard 
to a definite substance, may differ not only in different plants 
but also in the different cells of the same plant, so that no 
general rules can be laid down. With regard to sodium 
chloride, the plasmatic membranes of the cells of maritime 
plants generally are permeable, and the same is true for a 
good many other plants. For instance, De Vries found that 
the beetroot is permeable to common salt, but this is hardly 
surprising since this plant in its natural state is maritime. 

* Strange, Bot, Zeit. 80 , 253,1892. 

* Halket^ Ann. BoU 39 ,143,1915. 
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wAlso the investigations of Boodle/ Dandeno/ Lewis,* and others 
show that the leaves of several ordinary plants can absorb 
salt. In such cases of the absorption of sodium chloride, one 
of the great dangers accruing is that of undue concentration 
of the salt within the cells, for then various derangements, 
e,g. the salting out of proteins, might take place. 



Fig I. 

ADAPTATION TO VARYING SALINITY OF WATER 

An important characteristic feature of estuarine salt 
marshes is the periodic inundation by the tides, and this, 
necessarily, has a marked effect upon the soil. A region 
which is covered only by the highest tides tends to become 
increasingly saline during the inter-tidal cycle ; especially is 
this the case during periods of relative drought. On the 
other hand, all localities, uncovered by the tides, become less 
saline after rain. 

* Boodle, Aiw PAjfi. 3 ,39* 1904. 

* Dandeao, Trans. Ceutad Inst. 7 ,238,1901. 

* Lewis, New PJ^t. 11 ,255,1912. 
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The following table (I) shows the variation in the salinity 
—estimated as chlorides—of the soil water taken from definite 
stations at Erquy. The characteristic features of these 
localities may be briefly mentioned. Station i is situated on 
a low plateau which is covered by tides of about 37 ft.; station 
6 is a pan, the soil of which is argillaceous and does not support 
vegetation, which is covered by tides of over 39 ft.; and 
station 18 is a patch of sand inundated by tides higher than 
33 ft. It must also be remarked that the salinity of the sea¬ 
water at Erquy is about 3*15 per cent., estimated as chlorides. 


Table I 


Date. 

Rainfall. 

Salinity of soil water. 

September 1905. 


Station x. 

Station 6. 

Station x8. 


Inch. 

Per cent. 

Per cent. 

Per cent. 

5 • • • 

•015 

277 

— 

— 

6 . . . 

•0 

3*31 

3*21 

3'67 

7 . . • 

•075 

— 

3*02 

3’58 

8 • • « 

•0 

— 

— 


9 . . . 

•03 

3*35 

— 

— 

10 . . . 

•42 


— 


11 . . • 

•60 

1-47 

2’28 

•74 

X2 . • . 

*0 

1*01 

*52 


13 . . . 

•0 

— 

•62 

— 

14 . • • 

•347 

79 

2’12 



A consideration of these figures shows that the roots of salt- 
marsh. plants may be subjected to considerable variations in 
the salt-content of the soil. 

These variations in the external conditions of growth 
obtain not only for salt-marsh plants like Salicomia, but also 
for others. Osterhout ^ has described how marine Algae 
attached to the sides of coasting steamboats may be subjected 
to very considerable variations in the salinity of the water, 
the daily range being from highly concentrated sea-water on 
the one hand to firesh water on the other. He also found that 
delicate marine Algae taken from the sea could grow for 
months in firesh water; further, that Algae taken from normal 
sea-water and placed in concentrated sea-water flourished for 
one or two months ; and finailly, that similar plaints taken from 
the sea lived for long periods in diluted sea-water. 

' Osterhool^ Univ. Calif. Pt^UcaHons, 2 , No. 8,1906 \ Na 9,1906. 
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It is thus seen that such extremes in the external condi¬ 
tions are anything but rare, and naturally many questions 
arise regarding the responses made by the plant. 

There is no gainsaying the fact that salt-marsh plants 
gro\y and flourish in a soil the salinity of which, and therefore 
also the osmotic pressure, is continually altering. On theo¬ 
retical grounds it consequently follows that the osmotic pro¬ 
perties of the absorbing organs, the root-hairs for instance, 
must also be continually fluctuating. If this were not so the 
concentration of the soil-water would eventually withdraw 
water from the plant, which would therefore die if the condi¬ 
tions were continued for any length of time. On the other 
hand, if the salinity of the soil-water decreased, the root-hairs 
would absorb large quantities of water, more possibly than the 
plant could get rid of by transpiration, so that the internal 
hydrostatic pressure would become too great for the well¬ 
being of the plant. 

But conclusions based on theory are not alwa3rs borne out 
by the observed facts ; it is, therefore, desirable to examine 
the plants under these varying conditions of growth. 

Before passing on to the observations made at Erquy, brief 
mention may be made of the work of others in this particular 
connection. 

Janse^ found that if Chcetomorpha were placed in water 
of a higher degree of salinity than that to which it was accus¬ 
tomed, the cells became plasmolysed, but after a longer immer¬ 
sion they recovered their normal state. These facts indicate 
that there had been a readjustment of the osmotic powers of 
the cells in response to the increased external salinity. 

Nathansohn® found, in the case of Codium tomeniosum, 
that the cells were permeable to chlorides, and if a plant which 
had been growing in a saline solution were placed in fresh water 
free from chlorides, these salts would diffuse out of the cells 
imtil their concentration were the same both within and with¬ 
out the plant. Further, the reverse would take place if the 
plant were removed from one solution and placed* in another 
having a concentration of chlorides greater than the cell-sap. 
In other words, there was a constant passage of chlorides from 
the plant to the surrounding liquid, and vice versa until the 

^ Janse, So/. Cenirbl. 32 ,21,1887. 

* Natbansohn, Ber, deuf. Bet. Gesells. 19 , $09,1901. 
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concentration of this substance in each was equal. He there¬ 
fore concluded that the permeability of the plasmatic mem¬ 
branes of the cells may change according to the concentration 
of certain substances inside and outside the cell. 

Graves ^ found that the root-hairs of Ruppia maritima when 
placed in slightly concentrated sea-water (no per cent.) at first 
showed no reaccion, but eventually they became plasmolysed. 
He also ascertained the rapidity of this reaction exhibited by 
the cells of the leaves when treated with solutions of sodium 
chloride of different strengths. It will be observed that the 
results of Graves are of a nature opposite to those obtained 
by Janse for Chcetomorpka. 

The Erquy work on root-hairs * was carried out on seed¬ 
lings because it was found to be practically impossible to 
remove successfully the earth from the roots of mature plants 
without damaging the region of the active root-hairs. 

The osmotic pressure of the root-hairs of Salicornia and 
Sttceda was first investigated ; this was found to vary some¬ 
what according to the place in which the seedlings were grow¬ 
ing, and in all cases it was considerably higher than that of an 
ordinary mesophjtic seedling. 

Table II sets forth the results: 


Table II 


Locality. 

Plant. 

Osmotic equivalent. 

Tansley’s Pan 

Salicornia . 

6*73 % sodium chloride. 


Suada . 

673% 

99 99 

Station i 

Salicornia . 


99 99 

Station 4 

99 • • • • • 

99 99 

9 » • • 

Sucsda . 

6-26% 

99 99 

Ploughed field 

Mesophyte seedling (a composite?) 

1 - 5 % 

99 9 > 


A number of seedlings were then placed for some time in 
solutions of sodium chloride in serial decreasing concentra¬ 
tions. On testing the root-hairs, it was found to be very diffi¬ 
cult to determine exactly their osmotic strength. Fresh seed¬ 
lings were therefore selected and were mounted in a molecular 
solution of sodium chloride (S’ 8 s per cent.); all those whose 
root-hairs showed no plasmolysis, and whose osmotic equiva- 

* Graves, Tram. ConnecUcut Acad. Arts and Sd. 14 ,1908. 

* Hill, New Phyt. 7 ,133,1908. 
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lents were consequently above that of the test solution, were 
placed in fresh or slightly saline water for some time, at the 
conclusion of which the average osmotic equivalents were 
determined. In each case they were found to be very much 
lower (Table III). 

Table III 


Locality. 

Period of soaking. 

Osmotic equivalent. 

Station 4 . . . . 

K hours. 

2*4 % sodium chloride. 

») .... 


i‘ 9 i % « 

Tansley’s Pan 

18 „ 

3 A » 9 > 


These restalts were confirmed by various other tests, and 
clearly show that the root-hairs of Salicomia, growing in places 
where the soil-water is strongly saline, can accommodate their 
internal osmotic pressure as the salinity of the soil-water falls 
in concentration. 

It remains to be ascertained whether or not they are cap¬ 
able of raising their internal osmotic strength in proportion 
to the increase of the external salinity. 

Sods containing seedlings of Salicornia were taken from a 
spot which had been covered by the tide a few hours before, 
and placed in a dish of fresh water which was changed at in¬ 
tervals in order to reduce gradually the salinity. Periodically 
seedlings were tested with regard to the osmotic strength of 
the cell-sap of the root-hairs. The strength of the sodium 
chloride solution used for the test was 3’S per cent. 

Eventually the root-hairs of a number of seedlings were 
found to be strongly plasmolysed by this solution. These were 
allowed to remain in a saline bath of the test solution all night; 
the next morning 8i per cent, showed no plasmolysis, and 
19 per cent, were slightly plasmolysed, but nothing like to so 
great an extent as when they were first examined. These 
results were confirmed by removing a portion of the sod from 
the bath of fresh water and placing it in a bath of 3‘S per cent, 
sodium chloride. Natural conditions were thus reproduced, 
and all the seedlings examined behaved as before. 

A fresh batch of seedlings were then taken from the turf 
soaked in firesh water, and drawings were made of the roots, 
in order that the root-hairs could be identified when micro¬ 
scopically examined after subsequent treatment. To start 
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with, all the root-hairs were strongly plasmolysed by a 3*5 
per cent, solution of sodium chloride. The seedlings were then 
rinsed in dilute saline and were gradually brought up through 
successive concentrations to a 3*5 per cent, solution in which 
they were allowed to remain for some little time. The root- 
hairs of all the seedlings but one showed a complete recovery, 
and exhibited no plasmolysis. The root-hairs of the one 
seedling which did not show recovery were proved by subse¬ 
quent investigation to be either dead or in a condition of very 
low vitality, so that the negative results afforded by this 
seedling in no way invalidated the positive ones given by the 
other individuals. 

It is, therefore, seen that the root-hairs can raise their 
osmotic strength as the salinity of the surrounding soil-water 
increases. The two results show that the osmotic power of the 
cell-sap of the root-hairs can be accommodated to that of the 
soil. Incidentally it may be remarked that this adjustment 
of the internal osmotic pressure in correlation with the external 
conditions was subsequently found to obtain in desert plants 
by Fitting.' 

In addition to this fundamental fact, other observations of 
less importance were made. It was foxmd that when the roots 
of seedlings taken from a very salt soil were plunged sud¬ 
denly into fresh water some root-hairs burst, while others 
swelled up at their tips in many curious ways. The explana¬ 
tion is obvious : the osmotic strength of the root-hairs was 
adapted to the surrounding high salinity ; when plunged into 
fresh water there would be a sudden and relatively great 
absorption of water, so that if the cell-walls were not suffi¬ 
ciently strong to withstand this sudden increase in the internal 
hydrostatic pressure the cells would either burst or swell up 
considerably. 

This is a well-known phenomenon: thus Noll found that 
Bryopsis, if taken from a rock-pool and suddenly plunged into 
fresh water, would burst; Lindforss ascertained that the 
pollen grains of many plants would do likewise when placed 
in water ; Curtis observed that moulds grown in concentrated 
solutions and then placed in water burst at the tips ; also imi- 
cellular animab like Paranmcium behave in a like manner 
when subjected to a similar change of conditions. 

1 Fitting, Zdtschr, Bot. 3 ,309,1911. 
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This tendency possibly supplies an explanation of the 
greater thickness of the cell-walls of the apical region of the 
root-hairs of Salicornia. 

Further, it was observed that the osmotic pressure of the 
root-hairs of the same individual plant varied ; generally the 
younger hairs had a higher equivalent, whilst the cells of the 
root-cap had a very low co-efficient. Also, a variation in the 
osmotic strength of the root-hairs of different individuals 
growing in the same locality was sometimes observed, although 
this variation was never so great as to cause the internal 
osmotic pressure to fall below that of the surrounding soil water. 

The next question which naturally arises is. How is this 
alteration in the osmotic pressure of the root-hairs brought 
about ? 

Two hypotheses suggest themselves : either the primordial 
utricle is permeable to salt which passes into or out of the cell 
according to the differences in pressure on each side of the 
plasmatic membrane, and so the internal pressure is raised or 
lowered ; or, chemical changes may take place in the cell, as a 
consequence of which either a fall or a rise in the osmotic pres¬ 
sure would result. 

The work of Nathansohn on Codmm, and the fact that the 
amount of sodium chloride in the seedlings of Salicornia in¬ 
creased in amount as the plumule was reached, indicate that 
the former hypothesis is probable. But on testing the root- 
hairs for sodium chloride, by means of silver nitrate, no indi¬ 
cation of its presence was given. It is, however, possible to 
explain this negative result. Before testing for chlorides in 
the root-hairs it was necessary to wash the seedlings in pure 
water until all adhering chlorides were removed, for, of course, 
if this were not done the precipitate of silver chloride on the 
outside of the root-hairs would make it very difficult, if not 
impossible, to arrive at a satisfactory conclusion regarding the 
presence or absence of this substance within the hairs. The 
washing, however, would lower the external osmotic pressure ; 
consequently, relatively much water would be absorbed and 
passed on to the more internal tissues, so that the root-hairs 
would be washed free from salt. Or, from Nathansohn’s work, 
the salt would pass out of the root-hairs into the surrounding 
water owing to the difference in the concentration of this sub¬ 
stance. 
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The only way of solving the difficulty is to grow the plants 
in culture media to which chlorides have been added, and to 
make periodical chemical analyses both of the culture medium 
and of the plants. 

TRANSPIRATION 

The facts relating to the absorption of water by means of 
the roots lead naturally to a consideration of the transpiration 
of water, for, if this be low, the conditions inseparable from a 
saline habitat, which is generally considered to mean physio¬ 
logical drought, need not be so spartan as is often supposed. 
On purely anatomical grounds,^ the facts that in Salicomia 
and Siiceda the cuticle is very thin, and the stomates are 
superficially placed ; that in two such typical halophytes as 
Salicomia and Aster Tripolium the stomates are essentially 
mesophytic in character*—since they are superficially placed, 
are capable of movement and are sensitive to changes in the 
intensity of light and in the humidity of the atmosphere— 
indicate that transpiration is not abnormally low. But 
against these must be set the facts that the cell-sap is acid ; 
that the stomates are less numerous per unit area as compared 
with a typical mesophyte such as Vida cracca; that the stomata 
in some cases, e.g. Suoeda maritima, are apparently always 
closed, or, in other instances, lose their power of movement 
and remain closed at the flowering period, e.g. Salicomia', and 
that water-storage tissues may be present. 

It has been found by experiment that the transpiration of 
the plants in question is remarkably high. But, before passing 
on to a consideration of these investigations, brief mention 
may be made of the relationship between stomates and tran¬ 
spiration in the present connection. 

It is a difficult question to decide to what extent the 
stomates of succulent plants are capable of regulating tran¬ 
spiration. Delf ® considers that the limiting power of stomates 
may be greater than is generally supposed, for when the 
guard cells are apparently closed a regulation of size in the 
outer respiratory chamber may be demonstrated. 

The cut ends of two healthy and similar shoots of Salicomia 

^ Delf, Ann, Bot. 25 , 485,1911; de Fraine, E., Joum. Linn. Soc, Lond, Bot. 

41 ,317,1913- 

’ Delf, Ann, Bot. 26 ,409,1912. 
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annua were sealed with wax; one was used to determine the 
loss of water during transpiration and the other to determine 
the condition of the stomates during the experiment. Both 
shoots were under exactly the same conditions, and it was 
observed that, even before the shoots were cut, the stomates 
appeared closed ; the guard cells, however, showed a wide 
rift above the closed pore. 

It was found that the diminution in the rate of transpira¬ 
tion was 28 per cent., and that this was accompanied by a 
diminution of 20 per cent, in the size of the rift of the stomates. 
It is suggested, therefore, that there is a correlation between the 
two processes. 

The investigations upon transpiration may now be con¬ 
sidered. 

In the fiist instance, a determination ^ of the transpiration 
of plants of Salicornia under natural conditions was carried 
out, the plants being selected in order to obtain comparative 
results. 

Sods were cut bearing : 

(а) Apple-green plants only. 

(б) Crimson plants only. 

(c) Mixed growths of apple-green and crimson plants. 

In the two former cases the sods were ready for experiment, 
and in the last case the apple-green or the crimson plants 
were removed from the difPerent sods, pure cultures thus being 
obtained. 

Gravimetric methods were employed ; the sods were cut to 
fit closely into zinc boxes, and all plants except Salicornia 
were removed. The surface of the soil was then covered with 
a layer of cacao butter in order that evaporation from the 
soil surface might be prevented. Weighings of the sods were 
taken as far as possible twice a day, and the differences, due 
to loss of water, tabulated. Readings of the wind-gauges, and 
wet and dry bulb thermometers, also were recorded. 

At the conclusion of the experiment the plants were all 
healthy; they were then cut down, and the surface area in 
each case was estimated by (i) actual measurements, or (2) 
weighing' a carefully measured moiety of plants of equal dia¬ 
meter and then calculating the area of the whole. The loss 

* This and the following ohsetvation were nuide by Dr. S. £. Chandler, of the 
Imperial Institate. 
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of water from a certain surface-area of Salicomia, during 
regular periods, was thus obtained. The whole of the losses 
for each individual sod were then reduced to a percentage, 

i.e. to losses per 100 sq. cm. of plant surfaces, thus affording a 
basis of comparison. 

The following chart (Fig. 2) sets forth the result: 



Showing the eomparafive weights, in grains, of water transpired per xoo sq* cm. of surface of (t) crimsoB 

SaUeomia from mixed sod from which the apple-green had been removed (C. M. - --); crimson 

SaUeomiit from pure sod (C. P. • - • • ) > apple-green from mixed sod from whidi the ctimson had been 
removed (G. M. —— — ); and apple-green firom pure sod (G* P. — • • • —). All the sods were cut 
firom the Crimson Plain. 

The general results were as follows : 

1. Crimson plants transpire more rapidly than apple-green. 

2. The plants, whether crimson or apple-green, from mixed 
sods transpire at a greater rate than those from pure 
sods. 

3. The crimson plants from a mixed sod transpire more 
rapidly than the apple-green plants from a mixed sod. 

4. The crimson plants from a pure sod transpire more 
rapidly than the apple-green plants from a mixed sod. 

It will alio be observed that the diurnal variation of tran¬ 
spiration is well brought out in the chart, and that the amotmt 
of transpiration is surprisingly high. 

The next e^eriments were made in order to compare the 
rates of transpiration of Salicomia plants growing in different 







72 


SCIENCE PROGRESS 

localities which had been shown to be interesting from other 
points of view. The localities chosen were: 

(1) Crimson Plain and Bank. 

(2) Ridge and Furrow. 

The following chart (Fig. 3) sets forth the results: 



Summarising the results of this experiment, it would appear 
that: 

(1) Plants from the Bank transpire more rapidly than 
similar plants from the Crimson Plain. 

(2) Plants from the Ridges transpire at a markedly higher 
rate than those from the Furrows. It should be noted, 
however, that the Ridge plants were distinctly more 
crimson than those from the Furrows, though care was 
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taken to select those that resembled each other in 
external characters as nearly as possible. 

In addition to the surprisingly high transpiration of Scdi- 
contia indicated by these experiments, the higher transpiration 
of the crimson plants as compared with the green plants is of 
particular interest especially in view of the various opinions 
which have been put forward with regard to the physiological 
r 61 e of anthocyan in plants. 

Before passing on, it may be remarked that this method 
of measuring transpiration, the estimation of the loss of water 
by finding the decrease in weight, is the one which commended 
itself as being likely to yield the best results ; the use of the 
various kinds of potometer was precluded owing to the small 
size and succulence of the plants. 

The experiments described above were followed by others 
of a more exact nature.^ 

Shoots of the red and green varieties of Salicornia annua, 
of Suceda marilima, and, for comparison, Mercurialis annua, 
a typical mesophyte, were set upright in shallow tins of melted 
wax which, on solidifying, supported the plants and also sealed 
the cut ends, so that any loss of water must have been through 
the intact aerial parts. The tins and their contents were 
weighed and placed in the open all under exactly the same 
conditions. 

During the course of the experiment the tins were periodi¬ 
cally weighed, and, when the plants had wilted, the areas of 
the exposed parts were estimated. The following table (IV) 
sets forth the results: 

Table IV 


Loss of water per hovar per xoo sq. cm. of surface. 



Mercurialis 

annua. 

Salicornia 

(green). 

Salicornia 

(crimson). 

Sueeda 

maniima. 


gm. 

gm. 

gnx. 

gm. 

I. 

•066 

•173 

“326 

’350 

2. 

•037 

•386 

“072 

•062 

3 - 

“032 

•038 

“027 

•079 


•125 

•497 

•325 

w 


< Delf, Am. Bot. 25 , 485,1911. 
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It will be observed that the initial loss of water from the 
crimson Salicomia and from Suceda is higher than that from 
Mercurialis and the green Salicomia; this is due to the fact 
that the weighings of the two former were begun later in the 
day than those of the two latter plants. 

The experiments show that the amount of water transpired 
from the halophytes varied pretty considerably, but in all 
cases it was greater than for a t3T)ical mesophyte; that the 
maximum rate of transpiration per hour was attained by 
Simda ; and that the transpiration of the crimson Salicomia 
was not higher than that of the green variety, a result which 
is contrary to those of Chandler’s observations and which may 
be due to their being taken from a different locality. 

If the succulence of a plant be taken as more or less equiva¬ 
lent to the water content per loo sq. cm. of surface, then 
Simda is the most succulent of the plants employed in the 
above experiment. This is shown by the following figures 
(Table V): 

Table V 

Mtrcurialh, Salicomia Salicomia Simda, 
fereen). (crimson). 

Fresh weight . . . “560 gm. i'8ii gm. 1*345 gm. 2*24ogm. 

Dry weight at ioo*C.. , *129 gm. '190 gm. *141 gm. ‘219 gm. 

Water content per cent. . 76*97 89*5 89*5 90*3 

Surface area . . . 45* 14sq. cm. 24*43sq. cm. 17*44sq. cm. 4038sq.cm. 

Water content per ioo\ ^ a.t 

. ^ )■ 95 gm, 0 5 gm. 61 gm, 10 gm. 

sq. cm« . . 

It therefore follows that succulence is not necessarily bound 
up with a reduced transpiration. 

Further experiments on these lines were carried out in 
departmental laboratories where more precautions could be 
taken than in the laboratoiy at Erquy. 

Shoots of Salicomia annua and leaves of Sedum spurium 
and of Vida cracca were selected, and the cut ends sealed with 
wax. They were suspended, by means of 'a loop of cotton, 
in air saturated with water vapour until their turn came to be 
weighed. After their weights had been noted they were sus¬ 
pended in the relatively still air of the laboratory, all under 
the same conditions, together with.a weighed di^ of water. 
The dish and the plants were periodically we^hed. The fol¬ 
lowing table (VI) summarises the results, in which the transpira- 
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tion values are considered in relation to water, the loss of 
water per loo sq. cm. of surface being taken as loo: 

TABI.E VI 

Relative transpiration per hour per too sq. cm. of surface 


SedHtH. 

Salteorstia, 

Vieta. 

Water surface. 

36 

32 

26 

xoo 

30 

28 

14 

100 

27 

36 

9 

xoo 

17 

26 

6 

100 

18 

23 

4 

xoo 


These results corroborate the former and show that the loss 
of water from succulent plants is considerably in excess of 
that from certain mesophytes. It should be mentioned that 
in one respect the results shown in the last table are not strictly 
comparable, for whereas a shoot of Salicomia was employed, 
in the case of Sedum and Vicia the leaves were detached. It 
is not unlikely that these leaves transpired at a rate greater 
than would have been the case if they had not been removed 
from their respective shoots. But this does not militate 
against the sense of the results, for it makes the difference 
between the two non-halophsrtes —Sedum and Vida —^and 
Salicomia still greater. 

ABSORPTION OF WATER BY THE AERIAL PARTS 

In view of the saline nature of the soil of salt marshes, this 
high transpiration is surprising, and the observer is naturally 
led to consider whether the rainfall is sufficient to provide 
the roots with the requisite amount of waterIn fact, in some 
years the rainfall during the growing season may be so small * 
that sources of supply other than by the absorption of fresh 
water from the soU must be sought. 

For the reason that in Salicomia, provided the plants are 

* It may be remarked, that for the purposes of investigations such as these, the 
ordinary rainfall records are of but little value; for ecological work on marshes 
which are inundated by the tides, hourly records are desirable, for it is obvious thaft 
rain which falls immediately before or during the period of high tide is valueless 
in providing the soil with fresh water. At Erquy such hourly observations were 
impossible. For the present purpose it may be assumed that the whole of the 
rain which fell during the vegetative season was available for the plants. 

* The following are records of the ram which fell on the Bouche d’Erquy during 
the vegetative season (April x to September 12) in the specified yeasrs: 1906, 
3*69 in.; 1907, S*o6 in.; 1908,4'3S in.; and 1909,10*48 in. 
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not shaded and therefore drawn, the height is a general index 
of luxuriance, yearly observations on the average height of 
these plants from selected localities were made and compared 
with the rainfall. 

In the majority of cases the relationship between the 
figures obtained did not warrant any definite conclusion. In 
some instances, however, there was a definite relationship, 
wherefore a more detailed examination was made. 

The following are the figures for the locality C. 17 : 


Number of plants on the station in 1907.110 

Average length.68 mm. 

Average diameter. 3 mm. 

Total surface.700 sq. cm. 

Loss of water per hour per 100 sq. cm. of surface^ ... a* '137 gm. 
Loss of water in 3,960 hours * per 700 sq. cm. of surface . =» 3797*64 gm. 

Amount of rain which fell on station during the period . » 128821 gm. 


Assuming that all this rain was available for the use of 
the plants, the amount was sufficient for the needs of, roughly, 
35 times as many plants of Salicomia as occurred on the station. 

If, however, station C. 8 and 9 be taken, the population in 
the same year was 5,970 plants, i.e. more than- 50 times as 
many as on C. 17, which means that the amount of rain was less 
than the amount of water lost in transpiration. 

Although these figures are approximations, the considera¬ 
tion of them points to the probability that sources of water 
other than rain obtain and possibly means of absorption other 
than the roots. It is well known that the leaves of ordinary 
plants can absorb water; it is the obvious thing, then, to 
ascertain whether the aerial parts of halophytes such as Sali¬ 
comia can do likewise, and thus take advantage of rain, dew, 
or even the sea-water at the times of high tide. 

Shoots of Salicomia annual were removed and the cut 
ends sealed with wax; they were then dipped into water, 
their surfaces dried as well as possible, and weighed. The 
shoots were allowed to wither for some time, during which 
period they were occasionally weighed after being dipped into 
'vater and dried as before. At the end of the withering the 
shoots were immersed in water for a varying number of hours 
aid were again weighed after being superficially dried. 

* Based on Delfs observations, Ann. Bot. 25 ,485,1911. 

* From April 1 to September 12. 

* Del^ loc, dt. 
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The following table (VII) sets forth the results: 

Table VII 

Surface absorption after withering 


Withering. || 

Absorbing 
(during immersion). 

Plant. 

Time. 

Fresh 

weight. 

Loss. 

Loss. 

Time. 

Gain. 

Loss re¬ 
covered. 



gm. 

gm. 

Per cent. 

hrs. 

gm. 

Percent. 

Salicomia annua, a 

6 

•552 

•097 

I 7 -S 

5 

•035 

35 

h 

12 

•628 

•157 

25 

X 2 

•094 

59 

c 

47 

•172 

•090 

52 

26 

•049 

53 

d 

2 

*232 

'OIO 

4 

2 

•006 

60 

-/I 

2 

•2X2 

•012 

6 

4 

*008 

75 

^2 

XI 

*229 

*044 

21 

15 

•OS 4 

108 

Sueeda maritima, a 

3 

•391 

*0X0 

3 

2 

•029 

290 

b 

24 

•552 

•095 

17 

15 

•018 

20 

c 

63 

•297 

•105 

35 

9 


26 

A triplex portulaA 
coides . 

6 

*283 

'039 

14 

27 

19 

130 

b 

2 

1*035 

■007 

•7 

2 


400 

Arenariapeploides . 

17 

•392 

•070 

2 

2 X 

19 

250 


Note.—T he plant, e of S, annua^ was given two successive periods of 
withering. 


These results have been corroborated by Halket.^ An even 
sample of plants was collected from one locality, the succulent 
parts were removed and weighed, dried at ioo° C., and again 
weighed ; from these data the amount of water in the succu¬ 
lent parts was calculated. The succulent parts of other plants 
were then immersed in water for certain periods of time, and 
the amount of water taken up ascertained. 

In the case of Suceda maritima the percentage of water in 
the leaves of freshly gathered plants was 88*6 per cent., but 
after immersion in distilled water the amount of water rose to 
90*4 per cent. Similarly in the case of Salicomia the initial 
amount of water present in the fleshy parts was 90*2 per cent, 
before, and 92*0 per cent, after immersion in distilled water. 

In other experiments the plants were removed from the 
soil with their roots, as far as was possible, intact, and the 
roots, with the adhering soil, were well wrapped around with 
tinfoil. Then the fleshy parts were dipped into water, and, 
after as much water as possible had been removed with filter 
paper, weighed. The weight thus obtained was considered as 
‘ Halket, New Pkyt. 10 ,121,1911. 
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the initial weight of the plant. The plants were then sus¬ 
pended upside down in the liquid in such a manner that only 
the succulent parts could absorb water. At the conclusion 
of an experiment the succulent part of the plant was removed 
and the non-succulent parts—^the base of the stem, the roots, 
etc.—^weighed. Thus was obtained the weight of the succulent 
parts before and after immersion. 

Numerous experiments showed that the plants could ab¬ 
sorb water by their aerial parts. The amount thus taken up 
varied pretty considerably; the smallest increase, calculated 
as a percentage of the weight of the succulent parts of the 
plant, was 7*58 per cent., and the greatest increase 30-29 per 
cent. When the increase was calculated as a percentage of 
the weight of water in the succulent part, the smallest value 
obtained was 7-24 per cent, and the greatest 35*78 per cent. 

It was also found that the amount of water absorbed was 
greatly increased if transpiration were allowed to take place 
after removal from the soil and before being immersed. 

The value of this accomplishment to maritime plants, 
which often are subjected to drought, in enabling them to take 
advantage of rain and dew, needs no comment. 

From these observations it may be expected that the 
aerial parts of maritime plants when inundated by the tides 
can also absorb sea-water provided that the osmotic power of 
the cell-sap of the epidermis and subjacent tissues is greater 
than that of the surroimding medium. Observations show 
that although the osmotic pressure of the cell-sap of the aerial 
parts of maritime plants may vary considerably it is,'as in 
case of the root-hairs, very high. 

For example, Halket,^ who employed Barger’s method, 
found that the osmotic pressure of the cell-sap of the succulent 
parts of Saiicomia ramosissima, growing in a water channel, 
was equivalent to that of a 1-15 gram molecular solution of 
sodium chloride, which is equivalent to a pressure of 45-6 
atmospheres at 18® C. The same species growing on higher 
and drier ground had an osmotic pressure equal to a i -45 mole¬ 
cular solution of sodium chloride, which is equivalent to a 
pressure of 56*53 atmospheres. 'These plants are, therefore, 
sufficiently strong osmotically to absorb sea-water, and direct 
experiment shows that they can. 

> Halket, New Pifyt. 12 ,104,1913. 



ARTICLES 


79 


Delf^ found that plants of Salicomia which were allowed 
to wither for 4J hours, during which period they lost 8 per 
cent, of water, recovered 16 per cent, of their loss after 2 hours’ 
immersion in a 3 per cent, salt solution. 

Halket * found that in plants of Salicomia the percentage 
of water in the succulent parts rose from 90-2 per cent, to 
91‘6 per cent, after immersion in a 3 per cent, solution of 
sodium chloride. In subsequent experiments it was found 
that the increase of water, calculated as a percentage of the 
weight of the succulent parts, after prolonged immersion (17 
to 20 hours) in a 3 per cent, solution of common salt, varied 
from 5*05 per cent, to 26-7 per cent, in the case of S. ramo- 
sissima collected at Erquy, whUst for a species of Salicomia 
from Blakeney the variation was from ’45 per cent, to lO'Q 
per cent. In the latter case the increase calculated as a 
percentage of the weight of water in the succulent parts varied 
from *49 per cent, to ii*8 per cent. Also it was found that 
if the plants were allowed to lose water before immersion in 
the saline solution the amount taken up was greatly increased. 
Thus, iox Salicomia collected at Blakeney the plants gained in 
weight from 20*8 per cent, to 53*7 per cent., again calculated 
as a percentage of water in the succulent parts of the plant 
at the time of immersion. 

Both observers agree that’ the gain after immersion is 
less than the loss sustained during wilting, but in Halket’s 
experiments the difference is very much smaller than in Delf’s. 

These experiments show conclusively that the* plants con¬ 
sidered can make good some of their losses of water from sea¬ 
water, although not to so great an extent as from fresh water. 
It may be argued that in some of the above experiments the 
gain may not amount to much since the time of immersion 
was so much greater than the time the plants would be covered 
by the tides. It has been found, however, that in cases of 
prolonged immersion the greatest gain is made in the early 
period of immersion, e.g, three plants of 5 . ramosissima after 
hours’ immersion gained 20-69 per cent., 5-37 per cent., and 
7-92 per cent, in weight respectively, whilst during the followii^ 
iSf hours the gains were respectively 7-90 per cent., 2-78 
per cent., and 3-65 per cent. And this obtains also when the 

^ Del^ Ann. Bot. 2 S, 48$, 1911. 

* HaOcet, NewFhyt.. 1 B, 121, X911. 
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total time of immersion approximates more ‘closely to the time 
the plants would, under natural conditions, be covered by the 
tide. This is shown by the following figures, which relate to 
a species of Salicomia from Erquy and represent the increase 
calculated as the percentage of water in the succulent parts 
at the time of immersion in 3 per cent, sodium chloride: 


Table VIII 


First period of immersioa. 

Second period of immersion. 

Time. 

Increase. 

Time. 

Increase. 

hrs. min. 

Per cent. 

hrs. min. 

Per cent. 

2 0 

3-8 

I 35 

•8 

2 25 

4-6 

2 22 

3 

2 0 

3-6 

I 30 

2*9 

2 30 

I2'8 

2 10 

17 


It has been seen that the aerial parts of the plants under 
consideration can absorb both fresh and sea-water, and thus can 
take advantage of any rain, dew or sea-water which may wet 
such regions. The final question arises. Can they also utilise 
the aqueous vapour of the atmosphere? Experiment shows 
that they can. Delf ^ found that a shoot of Salicomia annua, 
the cut end of which was sealed, suspended in darkness in an 
almost saturated atmosphere, gained 2 per cent, in weight in 
14I hours, after which time no visible condensation of water 
had taken place. 

Finally, it may be mentioned that during periods of drought 
some parts of the plant may be kept alive by the water from 
other parts. Thus, in Swcda it was found that the old leaves 
acted as reservoirs, yielding up their water to the more vigorous 
ones at the tip; in Salicomia* the contrary obtained: the 
youngest parts were the first to show signs of lack of water 
and the oldest last; thus in 24 hours, whilst the shrinkage in 
length during withering of the top intemode was 11 *9 per cent., 
the lowest internode showed no change. 

‘ Delf, Amt. Bot. 25 ,485,1911; 26 ,409,1912. 

* Loc^ ciU 











SOME PALEOLITHIC PROBLEMS 

By HENRY BURY, M.A., F.G.S. 

For several years before the war a good deal of attention 
was paid to the geological position of palaeolithic man, and 
considerable advance was made in the work of correlating our 
British results with those of continental observers ; but some 
important discrepancies and gaps in our knowledge remained, 
and now that the end of the war is likely to induce a revival 
of scientific study, it may not be amiss to offer a review of our 
knowledge of the succession of industries, and of their relation 
to the changes that have occurred in river-level. 

First of all, however, let us have a clear understanding of 
the kind of evidence we may es5)ect geology to furnish as to 
the relative age of implements found in the various formations 
known as “ drift ”; for although this is elementary, it is 
sometimes ignored even by geologists, and being very in- 
adecjiiately treated in the principal text-books and popular 
works on palaeolithic man, is a constant stumbling-block to 
those collectors who have not had a scientific training. 

The gravels in which most of the early palaeoliths are found 
rest on shelves or terraces on the slopes of our river valleys, 
and were for the most part laid down imder water. They often 
attain a great thickness, and since the lower layers are the 
older (where there is any stratification at all), we may expect 
sometimes to learn the chronological sequence of the imple¬ 
ments from the vertical succession of the strata. Unfortu¬ 
nately, when> a river remains for long periods at approximately 
the same level, it does noc simply pile up strata in vertical series, 
but swings from side to side of the valley floor, disturbing and 
rearranging its other deposits ; and for this reason this source 
of information is only rarely available in a satisfactory form. 

But another direction from which we may obtain chrono¬ 
logical evidence is the succession of the terraces themselves ; 
for since the valleys have been excavated by the rivers which 
run in them, it follows that the higher terraces are normally 

6 8i 
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older than the (lower. Here, again, however, there are impor¬ 
tant sources of possible error, for the river does not continuously 
lower its bed, but sometimes raises or “ aggrades ” it, by 
depositing upon it masses of gravel, sand, etc., which it can 
no longer carry away ; and that thi^ process is sometimes very 
extensive and important may be judged from the fact that 
the Thames has at some period excavated a channel which 
extends at least lOO ft. below present sea-level, but is now 
almost entirely filled with drift. It is evident, therefore, that 
we must not too readily assume the deposit on a higher terrace 
to be necessarily older than that on a lower one ; and in fact 
the same terrace might conceivably contain drift of three dif¬ 
ferent periods, belonging to (i) the period of first erosion ; (2) 
a succeeding aggradation ; and (3) a final re-excavation ; and 
if the alternation of erosion and aggradation has occurred 
more than once, as is not improbable, the record may be still 
further complicated. Seldom, however, will the older deposits 
remain undisturbed during later movements, and it is therefore 
possible that extensive fluctuations in level may sometimes 
have occurred without leaving any definite trace behind. 

So far we have dealt only with true river deposits, but there 
is another series of beds which play an important part in 
palaeolithic history, and which for want of a better term we 
may class together as " subaerial.” Foremost among these 
come the various forms of “ hillwash ”—^muds, sands, and other 
material washed down the hillsides by the direct action of rain 
or by the melting of frozen soils ; while materials accumulated 
under the influence of wind are probably of less frequent occur¬ 
rence, though they sometimes attain cftnsiderable thickness. 
It is evident that while true fluviatile beds show us the exact 
level of the river at the time of their formation, these subaerial 
deposits naay extend to any height above it, spreading from 
top to bottom of the valley slopes, so that their elevation above 
the liver is no indication of their relative age, and it is only 
when the deposits of one period differ in character from those 
of another (which is fortunately often the case) that we are 
able to determine their succession. This distinction between 
fluviatile and subaerial deposits is of considerable importance 
in the study of palseoliths, but it must be admitted that it is 
one that is often difficult to establish in practice ; and indeed 
on tl^eoretical grounds we should espect the two forms of deposit 
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to merge into one another. Bearing these elementary con¬ 
siderations in mind, we may proceed to examine the different 
archseological industries, and see what is known of their geo¬ 
logical position and distribution. 

I. The Lower Palaeolithic Period 

Strepyan .—^At Stripy in Belgium, only a few feet above 
the present river, are found some rude implements, which a^re 
generally regarded as constituting the oldest group of palseo- 
liths. In France, too, “ pre-Chellean ” implements of much 
the same character occur in the valley of the Somme, but at 
a decidedly higher level than at Stripy—^namely, in the lowest 
gravel of the second or third terraces, at 30 and 40 metres re¬ 
spectively above the river-level. Our English evidence so far 
is more in accordance with the French than with the Belgian. 
It is true that at Swanscombe only flakes were found by Messrs. 
Smith and Dewey ^ in the lowest gravel of the so-called 100 ft. 
terrace (about 90 ft. above O.D.), but exactly as in the Somme 
valley, Chellean implements (which we shall deal with presently) 
were collected from another gravel a few feet higher, so that 
these flakes may reasonably be described as pre-Chellean. 

Near Rickmansworth, ^ain, the same observers found 
flakes of closely similar character,* which they regard as also 
pre-Chellean, but the discovery in the same gravel of an im¬ 
plement of apparently much later date throws a good deal of 
doubt on this opinion ; if accepted, however, it is of consider¬ 
able interest, since the gravel is here only 40 ft. above the 
nearest river, and therefore occupies a position about halfway 
between the Belgian and French levels. 

Further research is certainly required into the distribution 
of this industry, but although implements of Strepyan type 
are not uncommon in English gravels, their exact horizon has 
not with any certainty been ascertained; and unfortunately 
the flakes have no particular character and can only be dated 
when definite Chellean implements are found above them. As 
we shall see later on, the discrepancies in level between English 
and continental deposits are by no means confined to this in¬ 
dustry. 

Chdhan, —The next industry in chronological order is the 

* Arehmologia^ vol. Ixiv. p, 182* 

* Ihid^ vol. bsyi. (19x5)3 P* 195 - 
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Chellean. At Chelles itself (on the Seine), and in Belgium, 
implements of this type are found but little above the level 
of the river ; but in the Somme valley they have a wider range, 
occurring on the first, second, and third terraces at elevations 
of 10, 30, and 40 metres respectively above the river, but 
they arc absent from the fourth terrace (50 metres). While 
the implements of the second and third terraces are identical, 
some of those on the first terrace are of an apparently more 
advanced type, called by M. Comment ChelUen ivoltti} 

Both in level and in the character of its implements the 
100 ft. terrace of the Thames at Swanscombe closely resembles 
the second terrace of the Somme, and it is not quite clear 
on what grounds Messrs. Smith and Dewey correlate it with 
the third terrace.® It is true that the mame blanche below 
the Chellean gravel at Abbeville (third terrace), which seems 
to correspond to the white marl between the Chellean and pre- 
Chellean gravels at Swanscombe, is absent on the second 
terrace at St. Acheul; but the sgme terrace at Menchecourt 
has a closely similar mame sableuse iSg^remenf colorle, also con¬ 
taining shells ®: on the other hand, no human work at all 
occurs at Abbeville either in or below the mame blanche, so 
that in this respect the parallel drawn by Messrs. Smith and 
Dewey is at present incomplete. 

Although the gravel of the 100 ft. terrace rises to over 130 
ft. O.D. at Dartford (and therefore to the level of the third 
terrace of the Somme), implements are extremely rare in that 
locality; but in the Hampshire basin (Bournemouth and the 
Avon valley) they are often found up to and above this lei'eJ, 
though not on a separate terrace. Occasionally, too, they 
occur at a height of several hundred feet above tlie present 
river level, not merely on the surface, but, it seems, actually 
buried in gravel: but while it is doubtful whether these high- 
level specimens (to which we shall return later) can be matched 
in France, it is equally uncertain whether the Chellean and 
ChelUm ivolvU of the lower terrace of the Somme have their 
equivalents in England. Unabraded implements not infre¬ 
quently occur at low levels (30-50 ft. above the rivers) both 
in the Thames valley and in Hampshire, but they have not 

* Atm Soc. Giol. du Nord, vol. xxxix. (1910), p. 284. 

* Archotologia,^ vol lav. p. 197. 

® Ann, Sou G4oL du Nord^ voL xxxix. (1910), p. 276, 
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yet been traced to any definite horizon ; and the majority of 
the specimens from these altitudes are waterwom, and are 
therefore usually regarded as derived from the lOO ft. terrace. 
Here, again, further observations are desirable, and any evi¬ 
dence pointing to Chellean implements being contemporary 
^ with low-lying gravels should be carefully noted. 

The recurrence of a pre-Chellean industry at two different 
levels, and of a Chellean at three, coupled with the frequently 
close parallelism between the geological deposits of the different 
terraces, offers a problem which can be solved in two different 
ways : 

(1) The Similarity of Industries and Deposits on any two or 
more Terraces indicates Contemporaneity .—In this case each of 
the three deposits (two gravels and an intermediate shelly marl) 
on the second and third terraces at Menchecourt and Abbeville 
must in turn have reached a thickness of more than 30 ft., 
and then have been almost entirely removed before the next 
one was laid down. That is by no means impossible, but the 
coincidence of the three deposits behaving in exactly the same 
way at long intervals of time must be fairly faced. 

(2) The Similarity of Deposits indicates the Recurrence of 
a Geological Cycle, probably under similar climatic conditions, 
but separated by an interval of time during which the river 
changed the level of its bed by about 30 ft. On this view, 
when the pre-Chellean industry left the third terrace (assum¬ 
ing that to be the earlier), it did not become extinct, but merely 
migrated, to be succeeded after an interval by the Chellean 
culture ; and when suitable climatic conditions recurred, each 
industry in turn came back to the same latitude as before, 
but owing to the change in river-level, occupied a lower 
position. 

The first h3q)othesis seems to be the one generally adopted, 
but in the absence of any conclusive evidence, it is well to bear 
the second also in mind ips at least a possibility; and some 
further light is thrown on it by a comparison of the first and 
second terraces at Monties and St. Acheul respectively. In 
each case we find two distinct layers of gravel, overlaid by a 
day or marl called by the workmen ierre-drpipe ; but the simi¬ 
larity of deposits does not indicate contemporaneity; for the 
lowest gravel is pre-Chellean in one case and t3T)ical Qiellean 
in the other; while the second gravel and the tene-ihpipe are 
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typical Chellean on the second terrace and ChdUen. SvoltU on 
the first.^ 

Acheulean .—With the advent of this period the distinction 
between subaerial and fluviatile deposits becomes important, 
since according to M. Comment the series of beds {limons moyms 
or hss ancien) in which these implements occur in the Somme 
valley belong entirely to the former category ®; and thus 
we are able to accoimt, without postulating a series of earth- 
movements, for the fact that the industry is not confined to 
any one terrace but ranges from the lowest terrace up to the 
plateau above, 5 $ metres higher than the river-bed. M. Com¬ 
ment is of opinidh® that at the dose of the Chellean period, 
after the formation of the first terrace, a depression of the 
land occurred which gave rise to the raised beaches of Brighton, 
Sangatte, etc., and caused the deposition of marine shells on 
the second terrace at Menchecourt; and the loss ancien, with 
Acheulean implements, is assigned to the period immediately 
following this. The arguments, however, on which this opinion 
is based are not very convincing, and appear to rely too much 
on the supposed contemporaneity of beds containing Corbicula 
fluminalis at Menchecourt and imder some andent dunes ; but 
as that mollusc is found in pre-Chellean gravel at Swans- 
combe,* and again in brick-earth at Crayford (about 40 ft. O.D.) 
assodated with Mousterian flakes,® it cannot be regarded as a 
zone fossil of Chellean times. 

Although Acheulean implements are dassed by M. Com¬ 
ment as t3^ical products of the first terrace,® they are absent 
from this level at several stations,^ and appear to be more 
particularly assodated with the second terrace, but not with 
its fluviatile deposits. 

In Be!^um the general succession of strata and their rela¬ 
tion to Acheulean man accords dosely with that of France, 
but M. Rutot regards the beds covering these implements as 
the relics of gigantic floods, and not of subaerial origin. 

In England the evidence is still somewhat imperfect; but 

* V. Commont, Les Hommes Conien^oraim du Renne, pp. 39-42. 

* Ibid. pp. 28 and 38. 

* Ann. ^e. Giol. du Nerd, vol. xjodx. (1910), p. 207. 

* Ar^emlegia, v<d. Ixv. (1914), p. 192. 

' Free. Geol. Assoc, vol. xxv. (1914), p. 64. 

* Ann, See Giol. du Nerd, voL xxxix. (1910X p. 292. 

^ Ibid. p. 2oS; Les Hommes ConUn^orains, etc,, p. 42. 
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Acheulean implements were found by Messrs. Smith and Dewey ^ 
lying on the top of the middle (Chellean) gravel, and overlaid 
% another gravel which certainly appears to be a river deposit. 
At Wansunt, too, they are abundant in a day or brick-earth, 
which the same authors ® regard as the last deposit of the 
Thames at the 100 ft. level, but which Mr. Leach ® believes to 
belong to a later period. More perplexing are the specimens 
alleged to have been obtained from the “ shell-bed ” at Ingress 
Vale. The similar bed at Bamfield Pit (Swanscombe), at 
practically the same level and only a few hundred yards away, 
is dated by Messrs. Smith and Dewey as pre-Chellean; and 
they found at Ingress Vale nothing but flakes apparently of 
that date. If, then, Acheulean implements can really be 
proved to have come from this horizon, we shall have to re¬ 
consider our whole chronology; yet it must be admitted that 
the evidence, while not eliminating all possible sources of error, 
is remarkably strong.* However this may be, it is certain 
that Acheulean implements occur at or slightly above the 
100 ft. level in the Thames valley, at Ipswich, Famham, Bourne¬ 
mouth, and elsewhere; and from their position and condition 
it seems that some at least of them were deposited in true 
river gravels or sands at that altitude. 

But while in this respect English experience is different 
from French, yet just as in the latter country Acheulean 
implements are found on the plateaux bounding the Somme 
valley, so here, though seldom really common at more than 
100-130 ft. above present river-levels,' they range up to over 
500 ft. O.D. on the Kentish plateau and at Limpsfield, while 
at Hackpen they reach 800 ft. O.D. or more. Many of these 
high-level implements occur in brick-earth which may be the 
equivalent of the limons moyens and Unions des plateaux in 
France ; and although we know nothing of its origin (some of 
it may be an eolian deposit modified by infiltrating waiter), 
there is no reason for asserting that it is necessarily older than 
the gravels of the 100 ft. terrace. But some implements have 
undoubtedly been found in gravel, and in this case two dif- 

t 

f 

^ Archaologia^ vol, Ixv. (1914), p. 189. 

^ p. 204. 

* Pr0e. GeoL Assoc, voL xxvi. (1915), p, 20. 

^ ArchcBohgia^ vol Ixv* p* 196; Proc, Prshist. Soc, E, Anglia^ vol ii. pt ii. 
P*a54- 
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ferent explanations are offered. One school points to the 
gravels of the Kentish plateau, in which these implements 
sometimes occur, as proved by their position and composition 
(containing as they do Greensand chert from the Wealden area) 
to belong to the very earliest stages in the excavation of the 
Thames valley; so that if the implements are really, as 
alleged, contemporary with the gravel, then they must be far 
older than the palseoliths of the lOO ft. terrace ; and in proof 
of this they adduce a certain number of these “ hUl-types,” 
recognisable by their colour, which have been found in the 
gravels of that terrace in such a condition as to prove that 
they are derived. If this view is accepted, it seems that both 
Chellean and Acheulean peoples, have visited this country twice 
at widely separated periods, presumably in connection with 
cycles of climatic change. 

Other authorities, however, while admitting the general 
antiquity of the high-level gravels, believe that they have been 
subject to much disturbance at later dates, quite apart from 
river action, and may in some cases have moved in large 
masses down the hillsides in a semi-frozen condition, burying 
implements which originally lay on the surface. The presence 
of hill-types on the lOO ft. terrace is also admitted, but since 
the highest gravel (upper gravel) there is shown by Messrs. 
Smith and Dewey to be a hill-wash of later date than the 
Acheulean implements, the occurrence in it of some of these 
specimens, washed from the plateau above, is by no means 
unintelligible. The same arguments apply to the Hackpen 
Hill implements, while the Limpsfield site is obviously one 
which might receive hill-wash of much later date than the old 
river-plain on which the gravels rest. 

Near Famham two waterwom Chellean implements are 
alleged to have been found at 600 ft. O.D., and as there is no 
h^her ground from which they can have been washed, it 
seems hardly possible to account for their abraded condition 
by mere disturbance of an old gravel by frost or otherwise. 
If therefore they could be proved to have come from this level, 
it would be necessary to attribute to them an age far greater 
than that of the 100 ft. terrace ; unfortunately, however, we 
have nothing but the testimony of the workmen, which can 
* hardly be considered suflScient. 

On the whole the evidence at present available seems in 
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favour of the second of the two h3rpotheses given above, and 
a good many facts can be adduced to show that extensive soil 
movements took place towards the end of the Pleistocene 
period, some time after the Acheulean industry of Swans- 
combe, Wansunt, etc. Further attention should, however, be 
directed to these high-level implements,^ and among other 
questions to be settled, the proportion of Chellean to Acheulean 
types might with advantage be ascertained. On the 100 ft. 
terrace the former preponderate ; but it seems probable that 
the proportion of the latter may be greater at high levels. If 
so, does it mean that Acheulean man was more given to wan¬ 
dering away from the rivers (beside which he probably lived) 
than his predecessor ? Or have the implements been swept 
more than once by violent floods into the terrace gravels,® and 
was there an earlier (Chellean) sweeping more complete than 
the later (Acheulean) ? The evidence as to the river-level in 
Acheulean times in France and England also merits further 
attention. At the close of the Chellean period, as we have 
seen, the river is said to have descended in France dowm to the 
first terrace (30 ft.), and it remained at or but little above that 
level throughout Acheulean times. In England, on the other 
hand, there is at present no evidence to show that it ever 
left the 100 ft. terrace throughout Chellean times, or even 
perhaps before the dose of the Acheulean period ; for there 
is certainly no definite connection between the latter industry 
and the 50 ft. terrace of the Thames. Mention, however, must 
be made of certain extremely scarce implements obtained 
at Famham from a level which should probably be regarded as 
little if at all above the flood plain of the Thames. Though 
occurring deep down in, if not below the gravel, they are 
entirely unabraded, but while they would usually be referred 
to St. Acheul II., they differ markedly from the specimens 
of that type found 80 ft. higher up in the same valley, in that 
they are nearly all made of black or blue-black flint, which, 
not being a normal constituent of these gravels, suggests 
special quarrying. They often show also a difference in edge- 
dipping, and it is quite possible that they should be referred to 
the Mousterian period ; otherwise we must admit a recrud- 

• See Mr. R. A. Smith’s paper, Proc, Prehist. Soc. E. Anglia, vol. ii. pt. iii. 
P- 392. 

* Ibid, vol. i. p. 62. 
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escence of St. AcheuI 11 . after a considerable interval of time, 
with but little alteration of form, but a marked change in 
the material used. 

Leaving this case imdecided, how are we to account for 
the association of the loo ft. level with such much later types 
in England than in France ? Are we to suppose that the 
industries actually arrived earlier in the former country, or 
that the emeigence of the land was later ? Or, again, can we 
find a geographical explanation? The change in river-level 
may have been due not to an earth-movement, but to a greater 
proximity of the sea ; and since the North Sea and the English 
Channel were then distinct, and the one received the Thames 
and the other the Somme, we might suppose that this encroach¬ 
ment of the sea took place earlier in the Channel than in the 
North Sea. But against this supposition must be set the 
fact that all the Lower Palaeolithic industries are associated 
in Belgium with a low river-level; so that it seems wiser to 
wait for further evidence before arriving at any conclusion. 

As to the aige of the raised beaches, which, as we have seen, 
M. Commont places at the end of the Chellean period, geologists 
are by no means agreed ; but Mr. Deweyin one of the latest 
attempts to date them, regards them as pre-Chellean, the 
cemented sands which often overlie them being ascribed to the 
Chellean period ; and since the shelf on which the beach rests 
is only 10-15 ft* above O.D., it follows that the main valleys 
must have been excavated almost to their present depth in 
pre-Palseolithic times. This agrees closely with the conclusion 
arrived at independently by M. Rutot,* who finds seveial 
“ eolithic ” industries underlying the Chellean in the Belgian 
valleys, only a few feet above the present river-bed; and if 
we accept it, then the land must have sunk considerably before 
the Qiellean gravel of the 100 ft, terrace was deposited ; it 
rose again, however, during or after the Acheulean period, and 
it is to disturbance of the old beach material at this second 
rise that we may attribute the Acheulean implement found in 
the Brighton raised beach.* 

But before accepting Mr. Dewey’s conclusion we must 
scrutinise carefully its foundations. Briefly stated, his argu- 

* Mag, New Series, Dec. V. vol. x. p. 154. 

* Bull, Soc, Bdg, Geol, vol. xx. (1906X p. 27. 

* ProG^ GeoL Assoc, voL xxvi. (1915), p. 3. 
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ment is this: over the shelf of the beach lie four deposits, 
indicating alternations of cold and warm climates. Beginning 
at the bottom they are (i) the beach itself (arctic); (2) 
cemented sand (warm); (3) “ Head ” or Coombe Rock (cold); 
(4) Boulder Clay (arctic). Various observers have associated 
the Chellean industry with a warm period occurring between 
the last glacial episode (Giinzian, in Penck’s scheme) and the 
last but one (Rissian); and since the fauna of the cemented 
sands agrees on the whole with that of the Chellean deposits 
of the Thames, and the Coombe Rock is known to be post- 
Chellean, it is assumed that the sands in question are of early 
palaeolithic age. Mr. Dewey frankly admits that no imple¬ 
ments have yet been found in the cemented sands ; but he 
does not meet the other obvious objection that no contemporary 
Chellean implements have yet been proved to occur in river- 
drift at such low levels in this country. This is no place to 
discuss the large and difficult question of how far Penck’s four 
glacial episodes are traceable in England, but a word must 
be said as to the relation of the Chellean deposits to the Qialky 
Boulder Clay. Mr. Dewey, in common with most English 
geologists, believes that the latter is the older; but although 
this conclusion is very possibly sound, the premises on which 
it rests have recently been challenged by Mr. Keimard,^ and 
it must be admitted that they are of such an unsatisfactory 
character as to make it surprising that they have been so long 
and so widely accepted. 

Reliance is usually placed on four localities : (i) Biddenham, 
(2) Hoxne, (3) Warren Hill, and (4) Hornchurch. In the first 
case the valley of the river Ouse is supposed to have been cut 
through Boulder Clay before the implementiferous gravels were 
deposited in it; but as Mr. Kennard points out, the evidence 
produced by Mr. Boswell and others that our main valleys 
are older than the Qialky Boulder Qay seriously weakens the 
argument: and the same may be said of Mr. Dewey’s own 
conclusion that the raised beaches of Brighton, etc., only a 
few feet above O.D., are pre-Chellean. The low level of the 
gravels, too (about 40 ft. above the river), makes it doubtful 
whether they can be correlated with those of the 100 ft. terrace 
of the Thames. 

At Home the implements are mamly, if not wholly, of 
^ Pfvc, PreMsi. Soc. E* voL iL pt. ii. p. 349. 
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late St. Acheul date, and it is surprising therefore to find it 
quoted as proving anything a]DOUt the age of the Chellean period; 
especially as M. Rutot,^ and apparently M. Commont ® too, 
place the Rissian glaciation between the Chellean and Acheu- 
lean industries. 

The same may he said of the Warren Hill gravels, in which 
both Chellean and Acheulean implements occur, often abraded, 
and giving other signs of derivation. Dr. Allen Sturge himself, 
on whose paper Mr. Dewey relies, regards them as later than 
those of Swanscombe, and so far from their overlying the 
Chalky Boulder Clay, as Mr. Dewey states, proofs are given 
that that formation has been pushed against and into the gravels 
since their deposition. 

Lastly there is the evidence of the Hornchurch section, in 
which gravel was seen lying on Chalky Boulder Clay at the 
level of the loo ft. terrace, but no implements were found in 
it, and there is no evidence at all to show that it may not be 
the equivalent of the upper gravel at Swanscombe, which is 
admittedly post-Acheulean, and not a river deposit at all. 

All these sections then are unsatisfactory, but greater 
weight perhaps attaches to the fact that so acute and pains¬ 
taking an observer as Mr. Reid Moir has failed to find in the 
Middle Glacial gravels at Ipswich any industry but a pre-palaeo- 
lithic one ; but more of this negative evidence is required in 
view of the fact that in some regions {e.g. Rickmansworth) no 
line of demarcation can be drawn between the Middle Glacial 
and the Palaeolithic gravels. 

Of the many problems arising out of the geological position 
of the early palaeoliths indicated in the preceding pages, 
none is of greater importance, or more peculiarly a task for 
British geologists, than this of determining the relation of the 
human industries to the glacial deposits; and however right 
the conclusions already arrived at may be, it is unfortunate 
that they should have been allowed to rest so long on m- 
sufl&cient premises. 

II. The Upper Paijeolithic Period 

The Upper and Lower Palaeolithic are often spoken of as 
tlie Cave and the Drift Periods respectively, and this is legiti- 

^ * Bull. Soc. Beige de Giol. vol. xx. (19x0}, p, 88. 

* Les Homvus Contempormm, etc., p. 15. 
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mate so far as it is an expression of the fact that most of our 
knowledge of the one series is derived from caves, and of the 
other from the drift; but the view is steadily gaming ground 
that, while implements of the latter series may be found in 
caves, most, if not all, of the principal cave industries are repre¬ 
sented in deposits which we caimot logically separate from the 
drift; and so, if we adopt these terms, we reach the rather 
absurd position that drift continued to be formed and to 
enclose palseoliths long after the Drift Period had come to an 
end. The terms Upper and Lower Palseolithic are therefore 
decidedly preferable, though whether the line between them is 
rightly drawn at the close of the Acheulean industry is another 
question altogether, 

Mousterian .—Implements of this period are found by 
M, Commont in the Somme valley at all levels from the plateau 
almost down to the river, but it is only on the lowest terrace 
that they are buried in true river deposits. Elsewhere they 
occur in the subaerial dernier loss, and are thus stratigraphically 
distinct from the Acheulean industry of the loss ancien. M. 
Commont, however, attributes to the Mousterian period a cer¬ 
tain number of hand-axes which are not clearly distinguish¬ 
able in his figures from those of Acheulean age ; and one 
gets the impression, which an examination of the actual 
specimens might perhaps dispel, that the two industries are 
not so sharply separable geologically as he represents them. 

In England also these implements are found at various 
levels, but in many cases they are buried in “ brick-earth ”— 
an ill-defined term "which probably covers a number of deposits 
of different age and origin, some being certainly fluviatile, 
while others are probably subaerial; and this makes it very 
difficult to arrive at a definite decision as to the range of varia¬ 
tion of the river-level during this period. 

Several flakes attributed by Messrs* Leach and Chandler 
to this industry were found at Wansunt, in a clay which is 
certainly fluviatile, and which, as we have seen, is regarded 
by some writers as the last deposit of the loo ft. terrace. If 
this diagnosis is correct, then the Mousterian and Acheulean 
industries were here co-existent; but great caution is required 
where only small numbers of specimens are present, since flakes 
were used also in Acheulean (and earlier) times, and no exact 
criteria for distinguishing them from those of Mousterian age 
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can be established. As is well known, the leading feature of 
this industry is the use of flake implements worked on one 
face only, in place of hand-axes worked on both faces ; and in 
their most typical development these flakes have the striking 
platform facetted, and were struck off from a specially trimmed 
block of flint, often spoken of as a “ tortoise core.” Where 
then either facetted butts or tortoise cores are present, we 
may diagnose Le Moustier with some confidence, but their 
absence is a purely negative feature, and has but little value 
as evidence. On the whole, Acheulean flakes are thicker and 
clumsier, and the secondary edge-clippmg is less perfect ; 
but probably no two authorities would agree in drawing the 
line between them. 

Messrs. Smith and Dewey were evidently not convinced 
of the occurrence of true Le Moustier in the Wansunt clay, and 
this, coupled with the doubt as to whether that clay really 
belongs to the loo ft. terrace, makes it unwise to rely on this 
locality as proving the presence of the river at so high a level 
in Mousterian times. Many flakes of Mousterian character 
have been found at this altitude in other localities ; but so 
far none of them have been traced to a definite fluviatile 
deposit. 

One of the most prolific sources of these implements is 
Baker’s Hole, Northfleet, where a flint factory was evidently 
established 30-40 ft. above the present river, but was after¬ 
wards overwhelmed by a mass of debris, which, probably in a 
semi-frozen state, swept down on to it from above. It is 
evident, therefore, that at this stage of the Mousterian period 
the river-level had already sunk far below the 100 ft. terrace. 
The Crajrford brick-earth takes us a step further, for typical 
cores and flakes have been found underneath it at about 25-30 
ft. above the river.^ Now the Crayiord brick-earth starts almost 
from the liver-level and reaches up almost if not quite to the 
loo ft. terrace ; so that we have to deal with two long periods, 
one of erosion, during which the river-level descended from the 
100 ft. terrace almost to its present position, and another of 
deposition, in which (assuming the brick-earth to be wholly 
fluviatile) it rose again to about 90 ft. O.D.® The sheet of 
gravel under the brick-earth contains no distinctive industry, 

* Proc. Prehist, Soc* M, Anglia^ voL ii, pt. li. p. 240^ 

• Proc. GeoL Assoc* voL xxv. (1914), p. 69. 
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and half or more of the erosion period must have elapsed before 
the factories above mentioned can have been formed; so that 
so far as the Thames valley is concerned there is a considerable 
gap in our knowledge. Perhaps, however, this can be partly 
filled by some implements from Famham, which are pronounced 
by Mr. Reginald Smith and Mr. Reid Moir to be of Mousterian 
age. They were found under a fluviatile gravel about 120 ft. 
above the river Wey, but there are reasons for regarding this 
as the equivalent of a 70 or 80 ft. level in the Thames valley. 
Although there are no cores and the butts are not facetted, the 
secondary edge chipping is typically Mousterian, and they 
differ both in sharpness and patina from the late Acheulean 
hand-axes found at the same level: both archseologically and 
geologically, therefore, they seem to occupy an intermediate 
position between the end of the Acheulean period and the fully 
established Mousterian industry of Northfleet, etc. 

Mention has already been made of certain hand-axes, of 
late Acheulean form, but po.ssibly Mousterian age, found in 
one of the lowest of the Famham gravels. They are important 
as proving that the river reached this low level before the 
end of the Mousterian period, if not even in Acheulean times. 
The occurrence of the latter industry in such a position would 
be of great importance, but imfortunately the specimens are 
few in number, and until more are found it will be rash to 
come to a decision as to their age. 

Many implements of undoubted Mousterian age have been 
found at elevations greatly above the 100 ft. terrace (e.g. by 
Mr. Worthington Smith at Caddington and elsewhere), and 
they are often buried imder gravel; but there is good reason 
to believe that the gravel flowed over them at that subsequent 
period of intense cold and violent floods to which the Coombe 
Rock is due. It is commonly assumed that this cold spell 
drove Mousterian man (at any rate for a time) out of England ; 
but it is not at all dear that he had not already ceased to 
occupy the Thames valley before the formation of the Crayford 
brick-earth; for while there is good first-hand evidence of 
Mousterian flakes having been found under that deposit, there 
is none at all (except that of workmen) that they occur in the 
brick-earth. The specimens obtained by Mr. Brice Higgins,^ 
if they really came from above the floor, may quite well have 
* Max, vol. xiv. (1914), Nos. 4 and 31. 
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been washed off the bank before the period of deposition com- 
menced. This is a point collectors would do well to consider, 
for the brick-earth, with its bed of Corbicula fluminalis, testifies 
to tranquil waters and a moderate climate ; and if it be true 
that it does not contain, but only covers, the Mousterian in¬ 
dustry, we cannot attribute the disappearance of the latter 
to the severity of the climate. 

It is possible that the Crayford brick-earth is represented in 
some other English valleys; though this question wants working 
out; but nothing of the kind, nor any evidence of a corre¬ 
sponding period of deposition, has been recognised in France. 

Aurignacean, etc .—It is generally admitted that a great 
number of implements found on the surface, and therefore 
hitherto classed as Neolithic, resemble Cave t3q)es; but a 
doubt still exists, and indeed has been strengthened in some 
quarters by the discoveries at Grimes’ Graves, as to how far 
the age of implements can be determined by form alone, with¬ 
out collateral evidence ; and it is therefore highly desirable 
that every possible case of the occurrence of such implements 
in geological deposits should be examined and recorded with 
care. 

In France, M. Comment succeeded in locating most, if not 
all, of the leading types of the Upper Palaeolithic series in the 
h^hest Pleistocene deposit; but although he proved his 
specimens to be older than the Neolithic, it would be difficult 
from his evidence alone to establish their relation to one 
another. 

In England, too, a fair number of specimens have been 
obtained from under sandy or alluvial deposits ,* but by far 
the most important work in this direction is that of Mr. Reid 
Moir near Ipswich.' He found there in definite sandy beds a 
lower industry of Upper Mousterian age, and an upper one of 
Aur^nacean ; above the latter, in a layer of “ sludge,” closely 
resembling true Boulder Qay, and like it referred to a cold 
period, were two early Solutrean implements ; while in the 
uppermost layer of all was a Neolithic arrowhead. Thus in 
one spot were found no fewer than three of the main divisions 
of the Upper Palaeolithic series, in exactly the order already 
determined in the French caves. Of the other interesting dis¬ 
coveries of this careful observer—Shuman bones and pottery 
' Jour. R. Anthrop. Inst. vol. xlvii (1917), p. 367. 
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of Mousterian age—^this is no place to speak; but we may 
permit ourselves to speculate as to whether the cold period 
which produced the “ sludge ” was the same one that gave 
rise to the Coombe Rock and buried the Mousterian industry 
of Baker’s Hole, or a later one. And if the latter, whether 
Mousterian man migrated south during the Coombe Rock 
period, and returned, with pottery, later; for there is no sign 
at Ipswich of any cold ^ell during or immediately succeeding 
the Mousterian occupation. 

In spite of all the labour and thought bestowed upon it, the 
question of how many cold episodes have occurred in south¬ 
east England is still far from being solved ; but it is a curious 
fact, and one possibly connected with the climatic problem, 
that the frequency of occurrence of the various palaeolithic 
industries in this country is practically in inverse proportion 
to their age. 
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PART II 

In the previous article we dealt with the cold storage of fruit 
in order to demonstrate the t3rpe of cold storage in which no 
physical alterations of the material take place. We indicated 
that at present the cold storage of fruit does not allow much 
variation in method, but it should be realised that the main 
hindrance at present is the elementary state of plant physio¬ 
logical knowledge. When the physico-chemical aspect of 
metabolism in fruits has been subjected to an adequate inves¬ 
tigation it will no doubt be found that considerable variation 
will be possible in regard to industrial methods. 

In the present article we propose to consider especially the 
cold storage of meat, a question of the highest industrial im¬ 
portance and scientific interest, which introduces us to the 
second class of substances, those which can be preserved in the 
frozen condition. Nevertheless, large quantities of meat are 
abo preserved at temperatures about o° C., by which no great 
change in ph3rsical state b produced. 

The possibility of the preservation of flesh foods by the 
use of low temperatures has been recognised and employed 
to some e2±ent for hundreds and thousands of years by the 
inhabitants of cold countries, where by freezing meat and 
game in ice under natural conditions these food substances 
have been preseiwed for long periods. 

The extreme case of this b that of the mammoth ‘ and 

* C. LyeH, frine^les of Geokgy, vol. i. p. 182, London, 1872. 
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other prehistoric animals, which are still found preserved in¬ 
tact in a mummified condition. It is, however, only in recent 
years that the industrial possibilities of preserving meat by 
the use of low temperatures were realised, and the industrial 
development naturally only took place when it became pos¬ 
sible to construct refrigerating engines for the production of 
the low temperatures necessary. 

The principles of refrigerating machinery were worked out 
in the middle decades of the last century. It is outside the 
scope of these articles to deal with the great amotmt of work 
which led to the present development of this machinery.' The 
first vapour compressing machine appears to be due to Jacob 
Perkins, who patented an apparatus in 1834; but the first 
machine of this type which was of industrial importance was 
constructed by James Harrison in 1857, the machine working 
with ether. According to French writers * it was Charles Tellier 
who first used the refrigerating machine for the preservation 
of meat during transport. In 1868 he made an attempt to 
carry meat at a temperature of + 2® to o® C. from London 
to the river Plate, but this attempt failed owing to a break¬ 
down in the machinery. Financial difiiculties consequent on 
the war of 1870 prevented an immediate repetition of the 
experiment, although in 1873 Tellier succeeded in demonstrat¬ 
ing to the Acad^mie des Sciences in Paris that the keeping 
qualities of meat were enhanced by lowering the temperature 
to 2® C. to o® C., and that the food value was not lessened. 
However, in 1876 he showed the possibility of transporting 
meat in cold storage across the Atlantic by carrying thus ten 
carcasses of beef, twelve sheep, two calves, one pig and fifty 
birds from Rouen to Buenos Ayres, it being alleged that the 
cargo arrived in a perfect state. Unfortunately, the return 
journey was a failure. The twenty-one tons of meat carried 
were spoilt; whether this was due to the incapacity of the 
plant to deal with so much material is not quite clear. 

Circumstances led to the withdrawal of Tellier from the 
enterprise, but the possibility of transporting perishable food 
products for long distances by means of cold storage had been 
demonstrated. 

* See J. A. Ewing, The Mechamcal Production of Cold, Cambridge, 1908. 

* E.g. E. H. Amagat and L. Ddcombe, La StaUque iks Pluides. La Liqui- 
faC^m dies Gar ei P/ndustrie c&t Proid, Paris and Li^e, 1917. 



100 


SCIENCE PROGRESS 


The French work on Tellier ‘says: 

“ La voie ^ait ouverte aux initiatives, pour r^colter I’ample 
moisson sem& par le g€nie fran^ai^. Qui allait en profiter ? 

“ Ce fiurent les Anglais, qui, avec leur t6nacit^ et leur splen- 
dide esprit de suite, reprirent la question.” ‘ 

The s^nificance of Tellier’s experiment lies in the fact 
that a clear demonstration was made of the possibility of 
transporting food substances over long distances and that 
these distances might be tmlimited. It is only natural that 
such a realisation should cause considerable commotion in the 
financial and commercial world. It is regrettable that the 
scientific aspect should have been entirely neglected, because 
development indicates clearly that the progress has been 
determined by successful financial ventures, and not on account 
of advances in science, and this unfortunate lack of balance 
between commercial and scientific development is probably 
responsible for the stagnation in the subject. 

This may perhaps be better realised if one compares the 
meat industry with an industry originating at much the same 
time, the electrical industry. The basis of this industry is 
entirely the work of a few distinguished scientific men, but 
the whole development in the electrical industry gives clear 
evidence of an harmonious interplay between scientific work 
and financial venture. 

The transport of meat in the frozen condition as distin¬ 
guished from the merely chilled state, commenced in 1879, 
when the first shipment of frozen mutton was sent to Britain 
from New Zealand. 

Yet, although the importation of frozen meat characterises 
the beginning of an entirely new epoch, it was initiated rather 
as a successful venture, and further development has depended 
on further successful ventures. Failures led, not to scientific 
investigations into the causes of failure, but to the baaming of 
the experiment. 

In the introduction of freezing as a method of food pre¬ 
servation, a method which involved physical changes of state 
in the material preserved, a scientific investigation should 
have been undertaken at once to determine how far the changes 
taking place on freezing could be made reversible on thawing, 

* CVwwgSfe rmt&t offidel de la Manifestaiim IntemaHonale m Iffomuur dt 
Charles Tellier du Fndd,* Paris, 1913. 
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as on this would depend the completeness with which the 
material would regain its original fresh condition. By research 
on these lines it should have been settled what were the differ¬ 
ences between chilled and frozen beef. As an example of how 
difldcult it has been for new ideas to penetrate the indifference 
of a flourishing trade we may quote an esperiment made by 
the firm of J. & E. Hall, of Dartford, on the application of 
brine freezing to the preservation of meat, a question which 
in the last few years has attracted much attention on the 
continent of Europe. As this British pioneer work has been 
completely neglected, we may be justified in giving here a 
brief reference to it. We are indebted to Mr. Hesketh for the 
following extracts firom his diary; 

January 26, 1889.—An ej^eriment was made on freezing 
mutton by direct immersion in brine made by common salt 
and water and kept at a very low temperature by a CO, re¬ 
frigerating machine. 

January 28, 1889.—Mr. Marcet and Mr. Hesketh had an 
interview with Mr. William Cook, the London partner of San- 
sinenas, then one of the most important meat freezers at 
Buenos Ayres, at whose works Mr. Hesketh spent some six 
months in 1886. 

*'January2g, 1889.—Messrs. Hesketh, Godfrey andMarcet, the 
then partners in J. & E. Hall, lunched at the works off the mutton 
which had been frozen by immersion, which proved very good.” 

This application of brine freezing to meat as an industrial 
process was patented by Messrs. Hesketh and Marcet ^ in 1889, 
but the utter lack of interest in this country and elsewhere 
on the part of those concerned in the preservation of meat 
debarred any development of the process. So complete, indeed, 
has been the neglect of this early work that in a recent German 
paper * dealing with the freezing of meat in a salt solution 
the only reference is to Ottesen of Copenhagen, whose patent 
on this questioq* was not filed until as recently as 1912. 

Even the Committee on Food Standards of the Association 
of Official Agricultural Chemists, in their definitions of meat, 
do not distinguish between chilled and frozen meat, since their 

‘ Britidi Patent, No. 6,117,1889. 

* R. Plank, “Ober den Einfluss der Gefriergeschwindigkeit auf die histolo- 
gischen Veranderungen tierischer Gewebe,* Zdtsck. f. attg. Physiol. 17 ,221-38, 
191S. * Britisb Patent, No. 24,244,1912. * 
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third definition is, “ Cold storage meat is meat from animals 
recently slaughtered and preserved by refrigeration until 
delivered to the consumer.” ‘ In commenting on this defini¬ 
tion, W. D. Richardson points out how unsatisfactory it is. 
He says : " The every-day distinction and scientific distinction 
also should be made between chilled meat and frozen meat, 
the former being held at temperatures of a few degrees above 
the freezing point until delivered to the consumer, and the 
latter in the solid frozen condition.” ‘ 

It is also interesting to note that there is apparently no 
other official test for frozen meat than the examination of the 
blood, the red corpuscles of which have undergone haemolysis 
in the case of frozen meat. 

Nevertheless, in spite of the fact that the development of 
the cold storage industry, in so far as it concerns meat, has not 
been based on scientific research, a certain amoimt of scientific 
information having a bearing on the question has been collected. 
The principal constituents of meat, chemically considered, 
are water, proteins and fats. The lean of beef and mutton 
contains about 75 per cent, of water. Of the remaining 25 
per cent., by far the greater proportion is protein, this amount¬ 
ing sometimes to 20 per cent, of the total weight in beef, the 
remaining S per cent, being composed of water-soluble organic 
substances (about 4 per cent.) and inorganic salts about i per 
cent, of the whole carcass. The relative amount of protein 
varies considerably in different individuals, especially in rela¬ 
tion to the amount of fat, which in mutton may amount to 
three times the weight of nitrogenous substances.® Thus it 
is to be expected that the problem of preserving meat at low 
temperatxures just above the freezing-point presents difficulties 
different from those in fruits, where the great proportion of the 
dry matter is carbohydrate. 

The lean part of meat is composed of muscle fibres which 
are narrow and thread-like, the bimdles of fibres being pene¬ 
trated and supported by the connective tissue, which contains 
the nerves and blood-vessels. After the death of the animal 

* See W. D. Richardson, “ Meat and Meat Products,” in Alletis Commercial 
Organic AtuAysiSf'mL viiL p. 261, London, 1913. 

•aid. 

• See eg. A. O. Hall, "The Book of the Rothamsted Experiments.” Second 
Edition, pp. 250-54, London, 1917; also W. D. Ridiardson in Alletis Commercial 
Ofgame Analysis^ vol. vui. pp. 262-7, London, 1913.1 
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the first change which takes place is the setting in of the con¬ 
dition called rigor mortis, during which the muscle fibres lose 
their contractility. The soluble proteins coagulate, lactic acid 
is produced and the reaction of the meat changes from alkaline 
to acid. Later, the condition of rigor mortis passes away as 
the muscle tissue undergoes a fresh change, that known as 
“ ripening,” in which the muscle tissue relaxes, the meat at 
the same time becoming more tender. This change is brought 
about by proteol3^ic enzymes in the meat, and is to be re¬ 
garded as a process of auto-d^estion. At the same time, as 
the process of ripening is proceeding in the lean, other changes 
are proceeding in the fat. This latter undergoes hydrolysis 
if water is present, by which fatty acids and glycerol are pro¬ 
duced, while, in presence of oxygen as well, lower fatty acids, 
aldehydes and other volatile substances are formed, producing 
the unpleasant condition known as rancidity. 

These changes take place slowly at ordinary temperatures 
if the necessary external conditions (water and oxygen) are 
present, as under ordinary circumstances they always are. At 
temperatures of from 1° to 3® C. the maximum ” ripening ” 
effect in sides and quarters of beef is reached in from fifteen to 
twenty-one days, when a secondary complication has not 
affected the meat to any extent. This complication results 
from the invasion of the meat by micro-organisms (bacteria and 
moulds). The progressive decomposition of lean meat brought 
about by micro-organisms is that which is generally responsible 
for its becoming spoilt, the changes being described as putre¬ 
faction or decay according as they are produced in absence or 
presence of oxygen. The former changes are characterised 
by the production of unpleasant smelling substances ; these 
are practically absent in the latter, but much carbon dioxide 
is given off. 

Hydrolysis of fat may also be brought about by bacterial 
action, but is usually negligible. 

The penetration of bacteria into meat takes place in two 
ways. There is a gradual and regular progress inwards of the 
ori^al surface colonies, and a more rapid and irreguiar pene¬ 
tration along the connective tissue. In the case of the former, 
penetration at a temperature of about 2® C. is from 0*2 mm. to 
I cm. in thirty da3re ; naturally the distance of penetration 
increases with the time stored. 
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By the second method the bacteria may reach the interior 
of the meat comparatively rapidly, and set up fresh centres of 
infection within the meat.* 

Fungi produce a somewhat characteristic degeneration of 
the surface of the meat described as mouldiness. 

The changes bringing about the deterioration of meat at 
ordinary temperatures are, then, chemical in nature. They are 
either brought about by the meat itself in conjunction with 
certain external conditions in regard to moisture and oxygen 
supply, or are the result of the action of micro-organisms 
(bacteria and moulds), living saprophytically on the meat. In 
the preservation of meat in cold storage the object is, of course, 
to prevent these changes as far as possible. 

In considering how low temperatures influence these pro¬ 
cesses we must treat of chUled meat and frozen meat separ¬ 
ately, as the problems involved are quite different in the two 
cases. Chilled meat is usually stored at temperatures from o® 
to 3® C. At these temperatures all the changes which take 
place at higher temperatures also take place, but at a reduced 
rate. As in the case of fruit, scope for variation in the method 
is not great. The external factors which can be influenced are 
again l^ht and humidity. As regards light it is generally 
held that meat should be kept stored in the dark, as the pre¬ 
sence of light accelerates the actions resulting in rancidity of 
the fat. In fegard to humidity, a moist atmosphere favours 
the growth of bacteria, while later, moulds appear on the sur¬ 
face of the meat in abundance. On the other hand, if the 
atmosphere is dry, water is lost from the meat by evaporation, 
but it is regarded as an advantage if the surface of the meat 
is harder and drier owing te water loss, as it renders the pene¬ 
tration of micro-organisms slower and more difficult. 

Thus the principle involved in the preservation of meat 
at low temperatures above the freezing-point is the reduction 
in the rate of progress of a number of chemical actions. It 
is obvious that the changes leading to deterioration of the 
substance are not stop^d, but are only slowed down, and 
coirsequently there is a limit to the time in which meat can be 
kept in this way without substantial deterioration. For sides 
and quarters of beef this limit is about thirty days, although 
sometimes the produce is kept for twice this time, or even longer. 

* Richardson and Scherabe^y. Ind. Eng. Ghent. 1 ,95,1909. 
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When meat is preserved by freezing the case is quite 
different. It is stated that if the meat is frozen to —lo® C. 
the growth of bacteria is absolutely prevented, since this cannot 
take place in ^ solid medium, while the chemical actions pro¬ 
ceed at a negligible rate. Hence, frozen meat can be kept 
without deterioration for a much longer time than in the chilled 
condition; frozen beef can be kept for three years, or even 
more, without reduction in its nutritive value. 

The physical changes taking place in freezing are those 
coimected with the water relations of the tissue. As is well 
known from the appearance of frozen meat, water which was 
formerly boimd in some way becomes free. This is particu¬ 
larly the case with beef, in which the amotmt of water lost 
under certain circumstances can be very considerable. For 
instance, Ascoli and SUvestri ^ mention a loss of i s to 20 per 
cent, of the fresh we^ht of the meat. The juice which nms 
out contains valuable nutritive substances * and the quantities 
which can be lost in this way may be very considerable. The 
keeping qualities after thawing may be much reduced by this 
behaviour. Nevertheless, Gautier ‘ found the composition of 
frozen meat the same as that of fresh meat, or that it even had 
a higher nutritive value on account of the water loss. As re¬ 
gards beef this process is to some extent reversible if careful 
thawing be applied.* 

It seems very desirable to have an official gradation of 
frozen meat based on such an essential property as this binding 
of water. 

In the concluding article we shall deal with the question 
as to the conditions under which these irreversible changes in 
regard to water relations can be minimised or avoided. 

* See summary in Le Froid, Paris, Jan. 1914. 

* W. Storp, Uber Gefrierfleisch, VerSffmtlichen eats d. Gebiete d, MiiitSr- 
SemiiSiswesens, Hefit 55; Arbdten cats d. hyg.^tdiem, Untersuchtmgssiellsn, VI 
Teil, SI- 75 , Berlin, 1913. 

* A. Gautier, JO Alimentation et les rdgimes chat Pkomme sain et chez Its 
malades, Deuxi^me Edition, Paris,. 1904. See also Richardson and Scherubel, 
“The Deterioration and Commerdal Preservation of Flesh Foods,” Anter. 
Qhem. Soe. 30 ,1515-64, 1908. 

* W. D. Richardson, “The Cold Storage of Beef and Poultry,” Premier 
Congris TntemaHonat da Proid, Reports et Commttnieations, voL ii pp. 361-316, 
Paris, 1908. 
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CORRESPONDENCE 

To THE Editor of “ Science Progress ” 

THE INTERNAL EAR 
From Sir Thomas Wrightson, J.P., D.L. 

I 

Dear Sir, —The criticism of Professor Barton upon the theory 
advanced by me and supported on anatomical grounds by 
Dr. A. Keith, is one which we welcome as putting forward the 
contrast between the Helmholtz theory and our own in a definite 
form, and which calls for serious reply. 

Professor Barton at the outset questions whether, in regard¬ 
ing the internal ear as a mechanism, we have “ sufficiently 
borne in mind the high frequency at which it works.” The 
answer to this is that our sensations are sufficient proof that 
some work has been passed through the cochlea, and that 
these sensations correspond to the main periods of the wave 
forms in the air as delineated by mathematicians. The high 
frequency with which we deal does not therefore appear to 
interfere with the perception of sound within the limits of 
audibility—which audibility incontestably proves that mov¬ 
ing pressures have been transferred through the mechanism. 

Professor Barton in paragraph a states that, “ The reson¬ 
ance theory regards some particular part of a graduated 
mechanism in the internal ear as capable of sympathetically 
responding to the air-waves of correspondingly suitable fre¬ 
quency falling upon the external ear.” This hardly exhausts 
the case, as a scientist wants to know—^What is this capability ? 
and how does it work ? Some of our greatest intellects have 
demonstrated how the action of elastic vibrating bodies is 
carried through the air to the drum of the ear, but surely it is 
equally important to follow those actions into the liquids of 
the ear, which lie in the only route by which pressiue and motion 
can reach the nerve terminations to be passed forward to the 
brain. 

Professor Barton in paragraph h proceeds to describe his 
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understanding of our views with regard to impulses and analy¬ 
sis. With regard to the former he does not allude to the 
effect of the initial and varsdng elastic resistances caused in 
the basilar membrane, the ossicular muscles, the bending hair- 
lets, the stalk of the tectorius, etc., all of which oppose the 
pressures of the air-wave in accordance with Hooke's law. In 
our book all this is investigated. It is also pointed out that 
by the mechanism of the cochlea, the sine curve in air at its 
position of highest amplitude where the change of pressure is 
most gradual, is by these resistances entirely altered in form. 

In the sense of so altering the wave-form when it arrives 
in the liquid that the four impulses become equally definite, 
the cochlea may be regarded as having an analytic power and 
creates or makes accurately definite, certain impulses which 
are subjective and formed in the cochlea and cannot therefore 
be detected by resonators acting in the air. 

Professor Barton next draws attention to our conclusions, 
“ That because liquids are incompressible the liquids present 
in the cochlea must move in a piece and affect all the graduated 
mechanism equally and simultaneously,” and asks what is 
there to prevent the various parts of this mechanism, and 
those only, responding which are in tune with the pressure 
wave arriving.” This may appear simple when one tone alone 
is sounding, but the ear can detect many such tones soimding 
together. 

Under such conditions where does the Professor’s hypo¬ 
thesis for improving our theory land him ? 

With a number of notes sounding together, the strings of 
the basilar membrane would move with different vibration 
rates in the different positions of the membrane, and therefore 
in constantly differing directions. What becomes of the dis¬ 
placement ? and how are we to explain that, whilp some of the 
strings are moving in one direction, due to the pressure of the 
liquid, other strings should move in the opposite direction to 
the pressure, which, according to the h3T)othesis, causes their 
movement ? 

Further, what happens when the anatomists have demon¬ 
strated that all these so-called resonators are not free to move 
independently, but are cemented laterally together? 

Again, Resonance requires time to produce its effect. Mr. 
Sedley Taylor fotmd by experiment that, with two tuning-forks 



108 SCIENCE PROGRESS 

of 256 vibrations per second (about the pitch of middle C in the 
piano) about one second is required before resonance of the 
other fork becomes audible, that is, 256 air waves have to 
impinge on this resonating fork before its resonance accumu¬ 
lates sufficiently to become audible. 

With a pair of forks making 1920 vibrations per second 
(about three octaves higher than in the first experiment) he 
found that he was unable to damp the first fork sufficiently 
soon after striking it before the resonance was audible in the 
second fork. 

If the basilar membrane is a series of resonators it is clear 
that the lower pitched tones will, accordmg to Mr. Sedley 
Taylor’s experiment, take longer to receive audible resonance 
than the higher tones. How is it possible, under these condi¬ 
tions, to imagine that rapid arpeggio musical passages could 
be distinctly heard if so much more time were required for the 
lower notes fto resonate than the higher ? 

These considerations have driven us to the conclusion 
that a dead beat transference of pressure and motion is the 
only solution which can satisfy this problem, and that we have 
to look for a series of actual impulses to be set up in the cochlea 
as the varied wave pressures produced in the liquid are con¬ 
veyed through the corti arches direct to the hairlets. 

These periodic impulses in many series are shown to exist 
in the compound wave-forms in the liquid, their maxima of 
pressure, whether positive or negative, with the crossing points 
at the axis of the pressure curve, furnish evidence of not only 
the periodic impulses of the original tones, but of the Differ¬ 
ential and Summational Tones, Octaves and Harmonics. 

Yours faithfully, 

Thokas Wrightson. 


II 

THE ICE-AGE QUESTION 

From H. Spencer Jones, B.Sc, 

Dear Sir, —In the last issue of Science Progress appeared 
an article entitled “ The Ice-Age Question Solved,” by Major 
R. A. Marriott, D.S.O. In his airticle, certain conclusions of 
a geological nature were held to be in accordance with and 
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to be supported by Major-General Drayson’s so-called “ dis¬ 
covery,” viz., that the pole of the heavens naioves in a circle 
whose centre is 6® removed from the pole of the ecliptic, and 
makes a complete revolution in a period of 31,756 years. 

With the geological facts I am not concerned. But for the 
benefit of those of your readers who do not claim to be able to 
express an authoritative opinion on astronomical matters, I 
think it is desirable to point out that astronomers generally 
do not accept Drayson’s theory. Into the reasons for its 
unanimous rejection it is not necessary to enter here. Any 
geological conclusions, however, which are based upon it 
should be received with caution. Even if such conclusions 
were in accordance with purely geological evidence, it would 
not necessarily follow that Drayson’s theory was correct. 
Astronomical and geological reasoning sometimes lead appar¬ 
ently to widely different conclusions, as in the question of the 
age of the earth. In such cases, it is reasonable to attribute 
the divergence of view to an incomplete knowledge on one or 
both sides of the underlsdng data. 

Yours faithfully, 

H. Spencer Jones, 

Royal Observatory, Greenwich. 



NOTES 


Frofesior G. Carey Folter, F.B.S. (A. W. P.) 

By the death of Professor G. Carey Foster, on February 9, 1919, science lost 
one who had taken a great part in connection with education and with physical 
measurements. He was appointed Professor of Physics at University College, 
London, at a time when physical laboratories in the modern sense did not exist. 
In 1866 he started the first in which students might repeat the standard methods 
of measurement which were then being rapidly developed (particularly on the 
Continent, where he had himself received the final part of his training). Other 
places very rapidly followed suit, for the spirit of change was in the air. Carey 
Foster (in his own words) looked upon his college not only as an important 
place of education, but also as an important expression of a most remarkable 
intellectual movement—a movement which stood for free inquiry and effort towards 
improvement, intellectual and social. He identified himself with all the move¬ 
ments towards making his university a great teaching university, as distinct from 
a mere examining body, and it was under the stimulation of two or three, of whom 
he was one, that his college ultimately, in 1907, allowed itself to be swallowed 
up in the university in order that it might, if possible, work the necessary reforms 
from inside. He was also a leader in the movement for giving women the same 
educational facilities and rewards as men. Although to many, at the time, it 
seemed a most hazardous step to take, yet it was clearly inevitable, and time 
has justified it. Those who knew him as a man will recall a singularly kindly 
personality, almost too shy and diffident to be genial, but living at peace with all: 
too conscious of the changes in scientific theories with the lapse of time to feel 
definitively bound to any, and with a strong sense that the revelations of experi¬ 
ments were the important part of scientific progress. In his writings he had 
the mastery in a remarkable degree over a lucid and logical prose. 


The Mittag^Leffler laitittite (Philip E. B. Jonrdaiii, 1E.A.) 

An account of the Mittag-Leffier Institute for pure mathematics has already 
appeared in Science Progress ( 12 ,647,1918). The Institute was founded by 
money to be bequeathed after the death of Prof. G. Mittag-Leffier and his wife, 
^ and the original idea was that the working of the Institute should only begin after 
* the decease of Prof. Mittag-Leffier, But now Prof. Mittag-Lefiier, as I hear from 
him, wishes to see the beginning of this working, and has, therefore, handed over 
a capital sum to the Academy of Sciences of Sweden so that the activity of the 
Institute can begin at the present time on a modest scale. 1 already have,” 
writes Prof. Mittag-Leffier, “two scholars endowed with travelling scholarships, 
and will send them to England as soon as circumstances permit.” 

ixo 



NOTES III 

The Present Fositioii of Wireless Telephony (Philip B. Conrsey, B.Sc. 
(Eng.), A.M.IE.E.) 

One of the greatest obstacles in the way of successful wireless speech transmission, 
as distinct from mere telegraphic signalling, has been that of modulating the 
high-frequency power output of the transmitting station in accordance with the 
speech form, and of accomplishing this modulation by means of the minute energy 
associated with ordinary sound-waves in air. 

The employment of the three-electrode valve-first invented in its earlier two- 
electrode form by Dr. J. A. Fleming, and subsequently developed by many 
workers—has greatly simplified the modulation problem. It has also at the same 
time provided a simple and extremely reliable form of high frequency continuous 
oscillation generator, suitable at present for moderate power work. 

Under the stimulating influence of war-time requirements, the developments 
in the design and construction of these valves have progressed rapidly, so that 
their manufacture in quantity is now no very difficult matter. The first serious 
attempts at radiotelephony with the use of valves were made about 1914, and 
developments in America in that and the following year led, in October 1915, 
to the successful wireless transmission of human speech over a range of 5,000 
miles from Arlington (U.S.A.) to Honolulu. The Atlantic was also bridged 
between Arlington and the Eiffel Tower at the same time. These tests were 
essentially of an experimental nature to test the possibilities of the valve for 
such purposes. 

This, then, was the position of long-distance radiotelephony at the close 
of 1915. During the war no specially important attempts have been made relative 
to the use of wireless telephony over great distances, since the naval and military 
requirements have been of an essentially different nature. In general only very 
short-range work has been required. For these purposes the small valve trans¬ 
mitters have proved of very great value. 

Wireless telephone sets have been developed for ship-to-ship work between 
the various units of a squadron, to secure rapid co-ordination of action and 
centralisation of control. The apparatus has also been used by the American 
Navy to enable the ship’s captains to report direct to the Base Headquarters 
on shore, but of necessity the bulk of such traffic has been in the form of coded 
telegraphic messages. Undoubtedly the most spectacular application has been 
to aircraft, and for the control of such craft direct from the ground. The 
commanding officer on the ground can now issue his spoken orders direct to the 
pilots of the squadron some miles away, thus immensely simplifying the planning 
and carrying out of aerial operations. 

The application of radiotelephony to aircraft is likely to be an increasingly 
important feature of peace-time flying, especially for maintaining touch with land 
during long-distance flights, and in conjunction with direction-finding apparatus 
to aid navigation. The tendency of recent developments of the telephone 
apparatus has been in the direction of reducing the power of the transmitter, 
and increasing the range by using more sensitive receivers with valve amplifiers. 
A recent achievement on these lines has been the respanning of the Atlantic 
by the spoken word from Ireland to Canada, by the Marconi Company, the object 
being to investigate the feasibility of commercial working. 

The other important applications of radiotelephony must not, however, be lost 
sight of in the natural interest in new developments. As examples we may 
mention its uses for ordinary ship-to-idiip, and ship'-to-shore business traffic, for 
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communication with long-distance railway expresses, and in lighthouses for 
assisting ship navigation during fog. It therefore appears highly probable that 
we are on the threshold of great developments in these directions that should 
prove of immense advantage to the nations of the world in furthering friendly 
and beneficial intercourse. 


Kedieo-political TTnion 

This is a proposed Union to further the interests of British practitioners, and 
this Quarterly is in entire sympathy with it. Broadly speaking, the policy is so 
shaped as best to safeguard the interests of the general practitioner, and, as 
three-fourths of such in this country are on the Panel, and, therefore, have 
common interests, and likely to be aiming at a common end, the activities of the 
Union have been, and will continue to be, mainly directed by considerations of 
their welfare. « . . The following clauses constitute the principal objects of the 
Union:— 

(a) To impose restrictive conditions on the conduct of the trade or business 
of medical practitioners. 

( 3 ) To regulate the relations between medical practitioners and their employers 
and between medical practitioners and medical practitioners. 

(tf) To regulate and control the conditions of contract practice by medical 
practitioners. i 

(^) To promote or oppose legislation which may affect the interests of 
members of the Union. 

(«) To take active part in all lawful political propaganda in the interests of the 
medical profession. 

(/) To further the interests of the medical profession in all legitimate ways, 
and to employ the funds of the Union for such purposes. 

All communications should be sent to The General Secretary, A. Welply, Esq., 
M.D., 14, Gray’s Inn Square, W.C.i. 


The League of Bed Cross Sooietiies 

A very important project in connection with the sanitation of the world has 
recently been suggested. A League of the Red Cross Societies or organisations of 
Great Britain, the United States, France, Italy and Japan has been formed and 
thoseoftwenty-four other countries (including India, Canada, South Africa, Australia 
and New Zealand) have been invited to join. A part of the scheme of work of 
the League is the formation of a bureau for the purpose of co-ordinating sanitary 
knowledge throughout the world, of giving information on sanitary matters to 
those who desire it, and possibly of helping with funds where necessary or feasible. 
We hope to be able to give more definite information later, but at present the 
scheme is still in its infancy. Early in April a Conference of leading medical 
experts was summoned at Cannes to consider how best the League could help 
with reference to each particular disease, and the Articles of Association of the 
League of Nations contain a clause enabling the nations to use this new hygienic 
weapon if they wish. We are glad to see that Lieut.-General Sir David Henderson, 
K,C«B., has been appointed Director-General of the League. The supreme 
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Economical Council in Paris has already requested the League to suggest such 
measures as are possible to deal with anticipated epidemics that threaten Europe 
from the East, such as typhus, plague and cholera. We can foresee that the 
League may be able to do great work in the future. 


The Boyal Eorticultural Society 

This Society is appealing to the general public for support, as its administration 
expenses have greatly increased owing to the war. During these years of war it 
has been conspicuous for the help it rendered to the country. From the first day 
of the commencement of hostilities in 1914, long before the Government recog¬ 
nised the need of increased production of home-grown food, it took steps to 
organise, direct and encourage this movement. All communications should be 
sent to the Secretary, the Rev. W. Wilks, M.A., V.M.H., Vincent Square, 
Westminster, S.W.i. 


To Besearoh Workers in Physios 

The Royal Academy of Science and Literature of Denmark announces that a 
Classen prize of 800 crowns will be awarded for the best account of an experi¬ 
mental investigation of the mode of action and properties of microphonic contacts 
received by October 31,1920. It is stated that hitherto nearly all the work on 
this problem has been carried out with carbon-carbon “electrodes” in air at 
atmospheric pressure, and it is suggested that by using other gases, other 
pressures and “ electrodes ” of metal and carbon, or even metal and metal, a true 
explanation of the phenomenon may be obt^ed. 


Notes and News (B. 0. W.) 

As is usually the case, the names of scientific men were not very conspicuous 
in the “New Year’s” Honours list, published last April. Knighthoods were 
conferred on Prof. R. A. Gregory; Mr. J. T. Hall, organiser of the section 
dealing with the production of fertilisers in the Ministry of Munitions; Prof. W. 
Ridgeway, Professor of Archaeology, University of Cambridge; Dr, C. S. Tomes, 
F.R.S.; and Dr. J. T. Verrall, Chairman of the Central Medical War Committee. 

Sir Joseph J. Thomson, O.M., President of the Royal Society and Master of 
Trinity College, Cambridge, has been appointed by an Order of Council, dated 
May 8,1919, to be a member of the Advisory Council to the Committee of the 
Privy Council for Scientific and Industrial Research. 

Sir Ronald Ross has been elected a member of the Royal Society of Science, 
Upsala, Sweden, in succession to Sir William Gowers. 

ProL J. W. Nicholson has been awarded the Adams Prize of the University of 
Cambridge. 

The Iron and Steel Institute has awarded the Bessemer Medal this year to 
Prof. Cav, Federico Gioletti, of Turin. 

Sir Arthur Newsholme has been offered the Chair of Public Health at the 
Johns Hopkins Universityi Baltimore. 

8 
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Among those whose death has been announced during the last quarter we 
have noted with deep regret the following: Sir W. Crookes; Prof. C. L. 
Doolittle, Emeritus Professor of Astronomy at the University of Pennsylvania; 
M. Jacques Danne, editor of L& Radium \ Dr. F. Ducane Godman, F.R.S.; 
Horace Fletcher, the expert on dietetics; Prof. A, M. Liapounoff, Professor of 
Applied Mathematics in the Petrograd Academy; Lieut.-Col, A. M. Paterson, 
Prof, of Anatomy in the University of Liverpool; Mr. I), Rintoul, Head of the 
Physics Department, Clifton College; Prof. J. J. Schloesing, of the Conservatoire 
des Arts et Metiers; Sir E. C.Stirling, C.M.G., F.R.S., Professor of Physiology 
at the University of Adelaide; Lieut.-Col. W. Watson, C.M.G., F.R.S., Director 
of the Central Laboratory, B.E.F., France, and Professor of Physics at the 
Imperial College of Science, London; Dr. H. Wilde, F.R.S. 

It is announced that Cambridge has received the promise of a sum of 200,000 
guineas from a few firms engaged in the oil industry to enable her to build a 
new School of Chemistry. The University has also received ;£20,ooo from 
M. Emile Mond for the establishment of a Francis Mond professorship of 
aeronautical engineering, in memory of Lieut. Mond, who was killed in action 
in 1918. 

The Government has expressed the intention of spending ;£3,ooo,ooo during 
the next five years on agricultural research and education. It is hoped to increase 
very largely the number of workers researching on agricultural problems, to 
encourage higher agricultural education in colleges, and to instruct the farmer as 
to the benefits which result from the application of scientific knowledge and 
methods to his work. 

At a special general meetmg of the Geological Society, held on March 26, it 
was decided by 55 votes against 12, to admit women as Fellows of the Society. 

The British Scientific Products Exhibition, organised by the British Science 
Guild, will be held in the Central Hall, Westminster, from July 3 to Aug. 5. 

It is announced that Mr. J. L. Cope, who accompanied the Ross Sea party of 
the Imperial Antarctic Expedition, 1914-17, as surgeon and naturalist, will lead 
another expedition in the ship Terra N<yua to the same regions in June 1920. 
It is anticipated that the expedition will last from four to six years, and a com¬ 
prehensive programme of work has been drawn up, including (i) an investigation 
of the mineral deposits in Antarctica, (2) observations on the distribution and 
migration of whales with a view to the assistance of the British whaling industry, 
(3) the mapping of the unknown coastline between Wilkes Land and Coats Land 
by aeroplane and sledge journeys, (4) meteorological and magnetic observations 
during the winter on the middle of the Ross Barrier. The expedition will be 
furnished with a wireless outfit to enable it to keep in touch with the rest of the 
world, and should result in a valuable increase in our knowledge of a little-known 
part of the Antarctic regions. 

A strong appeal is being made for a sum of ;£so,ooo for the foundation of a 
Geophysical Institute at Cambridge. There is at present no provision for 
geodetic research anywhere within the Empire, and, in the past, it has been 
necessa^ for the British Surveys, when confronted with geodetic problems, 
to obtain^ aid from the Geodetic Institute at Potsdam. Included in the 
estimate is the sum of ^£20^000 necessary for the endowment of a Chair of 
Geodynamics to be held by the Director of the Institute. The appeal is made by 
a committee, which includes Sir Horace Darwin, Sir F. W. Dyson, Sir Joseph 
L^or, Sir Charles Parsons, Sir Napier. Shaw, and Sir J. J. Thomson, and is 
being supported by the Conjoint Board of Scientific Societies. 
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The National Council of the U.S.A. has had placed at its disposal by the 
Rockefeller Foundation a sum of $500,000 to be spread over five years for the 
promotion of fundamental research in physics and chemistry in educational 
institutions m the United States. The first intention of the donors is the 
initiation and maintenance of a system of National Research Fellowships to be 
awarded to those who have shown themselves to possess a high order of ability 
in research. They will, for the most part, be awarded to persons who have had 
training at an American University or Scientific School equivalent to that repre¬ 
sented by a doctor^s degree. The research fellows will, in the first instance, be 
appointed for one year at a salary of $1,500, but will be eligible for successive 
reappointments with increases of salary. It is hoped to award from fifteen to 
twenty fellowships this year. 

In a letter to Science (Feb. 14, 1919) Prof. George Sarton announces the 
reappearance, next autumn, of the Isis (an international quarterly devoted to 
the history and philosophy of science), which has not been issued since 1914, 
owing to the fact that the sixth part was in the press in Brussels when war broke 
out. After the parts already prepared have been issued it is proposed to use only 
two languages, French and English, mostly the latter, and Dr. Charles Singer will 
then share with Prof. Sarton the responsibilities of editorship. In future, also, 
Isis will contain only the shorter articles; the longer ones are to be included in 
Dr. Singei^s Studies in the History and Method of Science^ of which the second 
volume is now in the press. 

The Year Book of the Scientific and Learned Societies of Great Britain and 
Ireland for 1918 (Griffin & Co., 9^. net) is even more complete than usual, as it 
gives information concerning twenty-six societies not hitherto mentioned, and has 
been extended to include musical societies. This extension, however, has led 
to some rather incongruous inclusions; for example, the precise reasons for 
classing the Glasgow Ballad Club (with its headquarters in a restaurant) with the 
‘‘Learned and Scientific” are not exactly obvious! On the other hand, the 
National Union of Scientific Workers has been overlooked, though not so the 
recently formed British Association of Chemists. The Rontgen Society is 
classified under the heading Chemistry and Photography, and not under Physics, 
or even Medicine, where one*might naturally expect to find it. Incidentally the 
publishers might consider the possibility of separating the first of these sections 
into its two parts, the disparity between the two, from a scientific point of view, 
being so very considerable. This issue of the Year Book contains, of course, the 
usual features, ue, the prospectus of each society, and a list of the papers read 
during the year. 

The report of the General Committee of Chemical and Allied Societies 
dealing with the question of the publication of chemical bibliographies in 
the English language, recommends that steps should be taken forthwith to 
render English-speaking chemists altogether independent of the German com¬ 
pendia. In support of their suggestions the Committee urge (i) that though the 
German publications have been continued during the war period their export is 
prohibited, and this prohibition may be maintained; (2) that their compendia are 
not impartial, the survey of original work performed outside Germany being very 
incomplete; (3) that in other countries, Italy, technical students learn 
German, rather than English, owing to the superiority of the technical literature 
published in that language, the result being that their sentiments lean rather 
towards Germany than to ourselves; finally (4) that the study of German in the 
schools in this country has declined so much during 'the war that comparatively 
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few of the younger generation will be able to read it. The Committee has 
drawn up a scheme for an English compendium in 53 volumes, each containing 
1,000 quarto pages and costing £2 2j.—an amount estimated to cover expenses 
if an edition of 2,000 copies be subscribed for. The sum involved is, of course, 
rather large, but it becomes considerably less imposing when it is remembered 
that German chemists have recently (before Nov. ii last) subscribed 125,000 for 
the further extension of their literature. It is proposed that the Organic section, in 
18 volumes, should be arranged on the lines of Stelzner*s Uteratur’^Register \ 
the Inorganic section, which would require 16 volumes, would similarly be based 
on Abegg ; while the Physico-chemical volume would be of the form adopted by 
Landolt and Bernstein in their Tabellen. The 18 volumes which remain would 
be needed for an abstract of the English Organic patents. These would appeal to 
a much smaller public than the first three sections, and the Committee are of the 
opinion that the question of its publication should be deferred for the present. The 
Committee further suggest that chemists in France and the United States should be 
invited to co-operate in the scheme, but it is not impossible that these will consider 
that they should have been approached before Its format had been decided on, 
especially as the Physico-chemical tables which the Committee desire to have 
published are even now rendered unnecessary by the Annual Tables published 
by a Committee appointed by the seventh Congress of Applied Chemistry held in 
London in June 1909, and which receive financial aid from the Governments of 
England, France, and the United States. It is not, indeed, at all clear why these 
tables should have been ignored in the report, for at least one of the signatories is 
also a member of the Annual Tables Committee. Surely it would have been 
much more fitting if the work and organisation of this latter Committee had 
been made the basis of the larger scheme. A larger circulation would thus have 
been ensured, and the standard of the work would be raised owing to the wider 
choice then possible in the selection of the compilers. Indeed, it is by no means 
certain that a sufficient number of these, with the necessary qualifications, could 
be found in England alone. It is not impossible that the pre-eminence of 
Germany in this class of work in the past was largely due to its suitability for the 
national temperament. 

The report of the General Education Board of the U.S.A. for 1917-18 contains 
an account of an investigation of the technique of handwriting carried out by 
means of the cinematograph. The analysis of movement by this method has been 
used for several years for speeding up manufacturing processes and minimising 
fatigue with remarkable results, and it would seem that it may be equally 
successful in its application to penmanship. An examination of the motion 
pictures of the movements of good writers, poor writers, and writers who had 
received different kinds of training, showed that certain features of position and 
movement were of considerable importance, and others much less so than is 
commonly supposed. A teaching method has been organised on the basis of the 
results obtained, and a yearis trial in a public school in Chicago has shown 
the new method to be full of promise. 

From e:q)eriments on the action of mustard gas (Dichloroethyl sulphide) on 
marine organisms, Messrs. Lillie, Clowes and Chambers have obtained sub¬ 
stantial support for the theory, advanced by Marshall and Smith, that the gas 
penetrates the walls of living cells (in virtue of its high lipoid-solubility), and 
inside liberates hydrochloric acid, which, in free state, is relatively incapable of 
penetrating the cell. They suggest, therefore, that to obtain a remedy, search 
should be made for a substance whose physical properties, solubilities, and rate 
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of hydrolysis resemble those of mustard gas, but which yields on hydrolysis inside 
the cell a base, g,£-. ammonia, instead of an acid. 

We have received Bulletins Nos. 8, 9,10 and ii from the Advisory Council of 
Science and Industry, Australia. No. 8 contains the results of further investi¬ 
gations of the geology of the Bendigo Gold Field; No. 9 deals with the possibilities 
of the manufacture of ferro-alloys in the Dominion; No. 10 gives a most in¬ 
teresting account of the cardboard substitutes for tin-plate containers, with which 
we have become familiar during the last two or three years. The most important 
problem in their manufacture is the selection of suitable proofing materials for 
different classes of containers. Of the various substances available for this purpose 
{e.g, waxes, drying oils and resins, casein and gelatine, viscose and synthetic 
resins) the Committee of the Research Council recommend a Bakelite varnish 
which they call Magramite.^ The cardboard container has first to be immersed 
in a 20 per cent, solution of carpenter’s glue, to make the absorbent cardboard 
surface impervious to the magramite. It is then dried and varnished by dipping, 
painting or spraying, and finally it is stoved to harden the Bakelite surface and 
to make it insoluble and free from odour. Containers so prepared are not only 
suitable for foodstuffs, but also for such searching liquids as kerosene, turpentine, 
and methylated spirits. The last Bulletin contains a review of the possibilities of 
paper pulp manufacture in Australia. It appears that the prospects for materials 
native to the Continent are not too promising, and it is anticipated that for some 
years to come the principal material which would have to be used is straw. Apart 
from this, satisfactory results have been obtained by pulping young karri-trees, 
and a paper made from a blended pulp containing 80 per cent, karri and 20 per cent. 
Gdknia decomposiia (a sedge which grows abundantly near karri-trees) is reported 
on very favourably. It is hoped that this may prove a partial solution of the 
problem of utilising the enormous quantities of waste karri at the saw-mills in 
Western Australia. 

The second Report of the British Association Committee on Colloidal Chemistry 
and its general and Industrial Applications has been published by the Department 
of Scientific and Industrial Research (H.M. Stationery Office, pp. 172, is, 6 d. net), 
as the British Association found itself unable to meet the greatly enhanced cost of 
production. On the industrial side the Report deals with the part played by 
colloids in the textile industry, in agriculture, in sewage purification, in the dairy, 
in physiology, and in medicine; while from its purely scientific aspect it discusses 
peptisation and precipitation, emulsions, the Liesegang phenomena and electric 
endosmose. Each page is so crammed with interesting information that it is 
quite hopeless to attempt a detailed review, but any one desirous of obtaining 
up-to-date information on this subject, which has become so amazingly important 
in modem industry, would be well advised to procure a copy forthwith; albeit, the 
Report is primarily intended for those engaged in research work in colloidal 
chemistry. 

On March 14 Prof. R. W. Wood of the Johns Hopkins University, Baltimore, 
^ve, before the Physical Society, a most interesting demonstration of two 
signdling-lamps he has devised fgr use in warfare. The first consisted of an 
electric lamp with a small filament placed at the focus of the object-glass of a 
telescope. This produces a narrow beam, visible only at points covered by the 
image of the filament when the telescope is sighted on them in the ushal way. 
If the beam so directed crosses a line of enemy trenches the bulb can ^ 

^ Bakdite is a synthetic resin obtained by the interaction of carbolic add and 
formalin. 
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covered by a dark red screen, the beam then obtained being visible, in daylight, 
only to an observer provided with a similar screen. For use at night a screen 
transmitting only ultra-violet rays could be used in place of the dark-red one, the 
observer having a screen of fluorescent material in the focal plane of his telescope. 
The second lamp was devised for naval purposes—to render the ships of a convoy 
visible to each other at night when no ordinary lights could be shown. The source 
was a Cooper-Hewitt mercury arc provided with a chimney of a special glass 
which transmits only one of the mercury lines (X =*- 3660 A.. U.) and that beyond 
the limits of the visible spectrum. The light from the lamp could be picked up by 
means of a special telescope fitted with a barium platino-cyanide screen. In the 
course of his demonstration Prof. Wood showed some of the very remarkable 
fluorescent effects which could be obtained by means of this lamp; it \s to be 
hoped that he will shortly put it on the market in a form suitable for lecture 
demonstration purposes. 

Bulletin No. 3 of the Department of Scientific and Industrial Research is a 
paper by L. C, Martin, entitled “ A Study of the Performance of Night Glasses.” 
It describes experiments performed to determine the ejctent to which, under 
conditions of feeble illumination, tbe magnifying power of a field-glass or 
telescope may be increased at the expense of the reduction of the effective 
diameter of the exit pupil with the consequent reduction of the brightness of the 
image formed on the retina. The author concludes that for hand-glasses a 
magnifying power of 5 or 6, with the largest possible field of view, and an exit 
pupil of 7 or 8 mm. is the best. For stand instruments, provided the object-glass 
is not less than 3 inches in diameter, the magnification can be increased until 
the angle subtended by the image at the eye is i*; but the magnification 
required to do this must not be less than lo. It is extremely important, however, 
if the best results are to be obtained, to screen the eyes from all brighter 
illumination. Thus, at dusk, when the sky is feirly bright, stray light entering the 
object-glass and reflected from the walls of the instrument may be fatal to the 
successful use of the telescope. This difficulty makes it undesirable to increase 
the magnification above 30 with a 3-in. glass, and, of course, such a large 
magnification is not suitable for a general survey of the landscape, but merely for 
the observation of particular small objects. Among the numerous facts brought 
to light in this investigation is that the sensitiveness of the eye to feeble illumina¬ 
tion increases for at least one hour after it is first placed in darkness. 

A joint meeting of the Rdntgen and Faraday Societies was held on Tuesday, 
April 39, for the purpose of discussing the problem of the application of X-rays to 
the examination of materials opaque to ordinary light. While it is comparatively 
easy to obtain photographs through considerable thicknesses of substances of low 
atomic weight (and therefore of small absorptive power) such as aluminium and 
timber, very considerable difficulties have to be overcome when it is desired to 
obtain, in this way, information as to the interior character of iron or steel 
Nevertheless, encouraging results have already been obtained, and M. H, Pilon 
(the licensee for the Coolidge tube in France) announced that he had succeeded 
in dealing with thicknesses as great as 55 mm. by giving an exposure of 6,500 sec. 
with an X-ray tube, taking 6 milliamp^res at 120,000 volts. Limits of 40 -45 
have been reached by several other workers,^ The industrial importance of this 

' In an article by F. Janu and M. Reppelen in Stahl und Eisen (which was 
translated for use at the meeting by Sir Robert Hadfield) it is claimed that flaws 
have been detected in steel of from 10-13 cm. in thickness; further, Sir Robert 
Hadfield stated that with new apparatus, now at work in this country, it is hoped 



Fig I —\ Ra} pho ogiaph ^^Coolidge) of two loaded caitridge cases 
Ii tne tirijt the outer tuoe oi cardboard is luite imisi^le in the econa the ca e and powder bhow famtl> 
Doth the detonator in the ba e of the cartridge wi 1 1 e noticed 



Fig 2 — VRay photograph (Knox and Kaye) showing front and side views of a laminated 

wooden spar of an aeroplane. 

The spar is made up of three laminae glued together Ihe evteinal appearance was excellent, but the radio¬ 
graphs show that the middle la>er contains two knots and a grub hole and should not have been used 
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application of X-rays is sufficiently obvious. It has, for example, already been 
used for the examination of welds, for investigating the effect of aluminium in 
preventing the formation of blow-holes in cast steel, for the detection of weak 
points in castings whereby the method of casting may be altered until no such 
points are visible, and for the examination of iron embedded in concrete. The 
difficulties to be overcome fall under two heads—firstly, the production of rays of 
sufficient penetrating power, and secondly the prevention of fogging due to 
secondary radiations from the material and from the photographic plate itself. In 
the first place, the penetrating power of the rays (f.tf. their wave length) should be 
adjusted to the thickness of the material to be traversed in order to obtain the 
maximum effect on the photographic plate, for it is desirable that the rays which 
penetrate the metal should not succeed in passing through the plate but be 
absorbed by it. The rays which get through the plate can, however, still be 
utilised by means of intensifying screens of lead or of calcium tungstate placed in 
contact with the back of the plate. With lead the electrons liberated by the 
X-rays intensify the action of the rays on the sensitive film, while the calcium 
tungstate gives out a blue fluorescence, and this visible light produces its usua 
effect on the silver bromide. This screen reduces the time of exposure to at 
least one-sixth, and under particularly favourable circumstances to one-thirtieth 
of the period otherwise required. To minimise the effects of the secondary 
radiations which arise when the X-rays are absorbed by ordinary matter it is 
necessary, when dealing with thick specimens of iron, to surround or embed the 
specimen in lead by piling small shot round it), which must overlap 
the edges of the plate, to prevent “under-radiation” from its back or from 
surrounding objects. 

A. most important fact in connection with this work is that the relative thickness 
of the specimen examined and of the fruit in it does not matter. Provided only 
that the rays penetrate the specimen and that the flaw is not thinner than a 
certain minimum, it will produce its proper effect on the plate, and sufiicient 
contrast for visibility can be obtained by suitable exposure and development. 
Thus, Dr. Slade estimates that by using the K radiation of nickel with iron it 
should be possible to detect differences in the thickhess of the iron of the order of 
4 X icr^ cm. In practice the tool-marks on the surface are easily visible. At the 
present stage of its development the process reaches its most striking applicatwn 
in the detection of faults in timber or of faulty workmanship in articles made 
thereof. At the meeting Dr. (Major) G. W. C. Kaye showed numerous examples 
of faults in aeroplane construction discovered by means of it. The absorption in 
this case is so small that fluorescent screens can be used for direct visual 
examination instead of photographic plates—a possibility which makes the process 
one of ordinary commercial utility. Two of the many photographs shown at the 
meeting are reproduced on the adjoining plate. Fig. i shows an X-ray photo¬ 
graph of two brass cartridges taken by Dr. Coolidge and lent to the writer by 
Prof. Bragg; the great absorption produced by the fulminate of mercury in the 
detonator will be noted. Fig. 2 shows one of the photographs taken by Major 
Kaye and Dr, Knox, and represents front and side views of a laminated wooden 
aeroplane spar made of three laminae glued together. The external appearance 

to penetrate through 9 inches of that metal. In Germany the Lilienfeld tube is 
used instead of the Coolidge tube. It requires three separate currents and permits 
of the independent variation of the heating current and of the driving potential 
which imparts to the cathode rays their necessaiy high velocity. No information 
as to its capabilities appears to be available in this country. 
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was excellent, but these radiographs show that the middle layer contains two 
knots and a grub hole. It should not have been used. 


Notes and News (J. Brontd Gatenby, S.S 0 .) 

Among the many facts which the Great War has brought home to us, not the 
least disquieting is that which shows that the majority of the foreign element 
which has passed through our “ ever open door,” is not only of an inferior physical 
type, but also much diseased. This is one of the menaces to be dealt with, and 
we note that the Eugenics Education Society,” which numbers among its 
members men such as Havelock Ellis, Mott Schuster, and Leonard Darwin, is of 
the opinion that the time is at hand to begin to introduce reforms and enquiries. 
This Society publishes a journal known as the Eugenics Review^ in which matters 
of interest to eugcnists will be found. Communications may be sent to the 
Secretary, Eugenic Education Society, ii, Lincoln*s Inn Fields, W.C. 3 . 

We note the formation of an “American Society of Mammalogists,” which will 
publish a new journal and devote its attention to the study of mammals in a 
broad way, including life-history, evolution, palaeontology, anatomy and other 
phases. The application for membership may be sent to H. H. J. Jackson, 
U.S. Dept, of Agriculture, Washington, D.C., U.S.A. 
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THE USES OF WEEDS AE^D WILD PLANTS (Wini&ed E. 
Brenchley, B.Sc., F.L.S., Eotliamsted Experimental Station) 

From very early times in history people have recognised that many of the plants 
native to any district can be turned to some useful account. In olden times the 
chief use of wild plants was in connection with medicine, and, as in those days 
superstition was rife, the majority of plants had some medicinal value attributed 
to them, provided they were gathered at the right time and under the proper 
auspices. Most of this herb lore is now lost, though traces of it still survive 
in out-of-the-Wy places. Various other local uses were made of wild plants, but, 
as methods or agriculture improved, and as cultivated plants were introduced from 
one country to another, the useful native plants became more and more neglected 
as their exploitation became less profitable in comparison with cultivated crops. 

The war, however, has caused a considerable revival, and old and new uses 
have been found for native plants in the belligerent countries. Many of these are 
confessedly makeshift, and will be given up as soon as possible, but in a few 
cases valuable improvements have been effected, and it is probable that further 
advances will be made in the future. 

Many of the uses suggested in this paper have been published in the Foreign 
Press during the war. As these apply to countries affected by the blockade, some 
amount of discrimination is necessary in estimating the actual value of the wild 
plants in these cases for the purposes quoted, as it would often prove most 
unprbfitable to utilise them if ordinary supplies were available. 

The uses that can be made of weeds and wild plants fall into several classes : 

1. Human food, chiefly as substitutes for ordinary articles of consumption, and 
also as oil. 

2. Fodder. 

3. Fibres, which can be used to replace or supplement the ordinary fibres 
of commerce. 

4. Fuel. 

5. Manures. 

6. Drugs. 

7. Dyes. 

8. Miscellaneous uses. 

1. Human Wild plants are used for food in various ways, but in most 

cases they are only adopted as a temporary expedient, and when the emergency 
is over their use is discontinued, though there are a few outstanding exceptions to 
* ^hisrule. 

The aromatic or appetising properties of many wild plants make them more 
or less efficient substitutes for tea, coffee and even cocoa when they are properly 
prepared. The root of chicory {pichorium inlybus) has long been used as coffee, 
either alone or as a mixture. In Belgium^ pure chicory has been substituted for 

Hogg, R., and Johnson, G. W., Wild Flowers of Great 1863. 

xai 
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coffee, but in this country it is used as an addition, partly because some people prefer 
the mixture, partly because it makes a cheaper beverage. The roots are carefully 
dried, then roasted and ground into powder. During the war the value of chicory 
as a coffee substitute was so well recognised that in Germany and Austria the 
whole crop was reserved for this purpose, its use for feeding animals being 
prohibited. Another good substitute is prepared from hawthorn berries, and the 
coffee thus obtained has been reserved for German workmen engaged on heavy 
work, while in order to increase the supply people have been recommended not 
to clip their hawthorn hedges. In parts of the same country the fruit of dogwood 
(Cornus sanguinea) was used for a similar purpose long before the war. Other 
substitutes have been made from the rhizomes of couch-grass {Agropyrum repens) 
and bracken, the roots of (^Tragqpogonpratemis\ sowthistle, dandelion, and 

reeds, from acorns, beechnuts, horse-chestnuts, and broom seeds, a specially 
recommended mixture being one part of ground couch-grass rhizomes to three 
parts of dandelion root, which is said to have a pleasant aroma.^ In Sweden the 
homy fruits of goose-grass (Galium aparine) have been dried, slightly roasted, and 
ground.® 

An almost bewildering variety of plants have been laid under contribution as 
tea substitutes, leaves and flowers being the parts usually used. For many years 
the Russians have mixed the leaves of the narrow-leaved willow-herb (Epilobium 
cmgusiijolium) with ordinary tea, and local use has often been made of aromatic 
parts of plants, as flowers of cowslip and primrose, leaves of sweet vernal grass 
(Anikoxanthum odoraiuni)^ agrimony (Agrimonia eupatorid)^ meadow-sweet 
(Spiraa ulmarid)^ and ground-ivy (Glechoma hederacec^^ German war substitutes 
have included the leaves of willow, birch, rowan-tree, willow-herb, bilberry, and 
cranberry, and the fruit of hips, the aroma being given by peppermint, walnut- 
leaves and lime-flowers. Tea mixtures sold in Germany also include leaves of 
lime-tree and hemp-nettle, fruits of agrimony, flowering heads of yarrow, hawkweed, 
and daisy, leaves of walnut, blackberry, borage, and plantain, flowers of primrose 
and marioram, roots of mallow and red sandalwood.® Heather blossoms have 
also been strongly recommended as a tea substitute. They are gathered when 
the blooms can be separated from the stems by drawing through the fingers, and 
are dried by the sun or artificial heat, and are then sieved to separate them from 
stalks and dust. The flowers so prepared can be kept for years without losing 
their agreeable narcotic smell. 

In Austria a substitute for chocolate has been prepared from dogwood berries, 
thougk this may possibly be the same thing as the coffee substitute mentioned 
above. The preparation is nutritive, and is said to have a vanilla-like taste and 
smell resembling that of chocolate. 

Ground-ivy or alehoof (Glechoma hederacea) was much used in the manufacture 
of beer and other liquors until the introduction of hops, as the leaves clarify the 
liquor and give it a characteristic flavour.* About the time of Henry VIH hops 
were substituted fdt this purpose and ground-ivy fell into disuse, though it is 
sometimes dried by village herbalists and used instead of tea. 

^ Other coffee substitutes, not derived from wild plants, however, have been 
, prepared from hyacinth bulbs, grape pips, asparagus seeds, and lupine seeds, the 
last named being called ** Peasant’s Coflfee ” in the Tyrol. 

* Johnson, C- P., Useful Plants of Great Britain^ 1861-2, 

® The most satisfactory tea substitutes, however, are said to have been prepared 
from the leaves of strawberries, raspberries and bli^berries. 

* Hogg, R., and Johnson, G. W., ibid 
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In almost all conditions of life the provision of dour for bread-making is of 
vital necessity. In normal circumstances the cereal crops meet this need, but, 
under special conditions brought about by failure of crops or imports, native 
substitutes have to be pressed into service. As a general rule, these substitutes 
are used to supplement the ordinary flour, but on occasion they have beenused 
by themselves. The rhizomes of couch-grass have been used in this way; in 
Italy a kind of arrowroot has been prepared from them,^ and during the Thirty 
Years War and the Great War the rhizomes were dried and ground into flohr 
for bread-making. Flour substitutes have also been prepared from the roots 
ol sowthistle {Sonchus oleraceus) and silverweed {PoUntilla anserind)^ and bread 
made from common sorrel {Rumex aceioia) is said to be used by the Swedish poor 
when the barley or rye crops are deficient* The Swedish also claim to have been 
successful during the war in preparing flour from timothy {Phleum praiense\ 
which was ground and mixed with rye meal in the proportion of i ;4. In the same 
country a company has recently been formed for the manufacture of “ artificial 
flour” from such natural products as water-lilies, wild leguminous plants, and the 
roots or rhizomes of such plants as reeds and couch-grass. Heather is also 
utilised, a certain amount of albumen, carbohydrate and &t being added, giving 
a product that has proved very satisfactory for bread-making. Yet another 
Swedish substitute is said to be prepared from the leaves (needles) of coniferous 
trees, which, when mixed with equal quantities of rye-flour, yields a bread of softer 
and more porous texture than pure rye-bread, while it is free from any objection¬ 
able taste. Horse-chestnuts have been exported from Sweden to Germany for 
the preparation of flour by special methods of treatment. 

Serviceable flour substitutes can be prepared from the seeds of certain weeds, 
especially from spurrey {Sfergula arvensis) and species of Chenopodlum, In 
northern countries, as Finland and Norway, spurrey grows freely and well, and 
the seeds have often been ground and mixed with wheat or rye-flour.® In South 
America a species of goose-grass {Chenopodium quinoa\ has been cultivated 
for centuries as a bread plant, as the seeds can be ground into a good flour.* 
Of recent years the plant has been introduced into Germany for the same 
purpose, with considerable success. The common weed fathen (Chenopodium 
album) is very closely, related to the qumoa, and occasionally its seeds have been 
used in a similar way when emergency has arisen, as in the Russian famine 
of 1891-2.* Lichens have also been exploited abroad for bread-making purposes, 
the most useful being those of the Cetraria family, including Iceland Moss and 
varieties that the Scandinavians call *‘Sndlav” and “Tralov.’* The colouring 
matter and bitter substances are removed from the lichens, and the soluble 
substances, amounting to about 75 per cent., are dissolved out. It is claimed 
that these form a kind of jelly which can be used for bread-making, as much 
as three parts 'of jelly to two parts of flour being employed, yielding a bread 
which is said to be more nutritious than ordinary rye-bread. The jelly serves 
other useful purposes, as it can be used for preserving fruit, thus effecting a 
saving of more than half the amount of sugar usually required, 

A few other wild plants are used for food without being made into bread. 
Salep, a preparation of the root of the early orchis (Orchis mascula)^ is probably 

* Wilson, Rural Cyclopadia^ 1847, ^ 

* Pratt, A., Flowering Plants^ Grcsssis^ and Ferns of Great Britain, 

® Wilson, ibid, 

* Hanansek, T. F., Zeitsch. fur untersuck* der Nahrungs una GenUssmittel, 
29 ,jpp. 17-25,1915- 
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still part of the staple diet of some of the eastern countries, particularly Persia, 
Syria and Turkey.’^ The plant is cultivated for the purpose, though it is a common 
wild plant, being very abundant in the moist meadows of some parts of England. 
Salep is said to be very nutritious, and is a tough, homy substance prepared by 
heating the orchis root and drying it in the air. Another wild food that might 
be worth exploiting is the “pignut” or “ earthnut,” the swollen underground part 
of Conopodium denudaium^ which is exceedingly abundant in many places.* It 
has long been used in the Low Countries, though less now than formerly, being 
treated like parsnips and carrots. Their flavour is said to resemble chestnuts, 
and at times they have been a regular market article in Sweden.* 

Some wild plants are more or less palatable if used as vegetables, but they are 
almost entirely neglected in favour of the cultivated types. Local use is made 
of the young flowering stems of the spiked Star of Bethlehem {Omithogalum 
pyrenaicuffi)^ which is plentiful in parts of the West Country, and used to be 
marketed under the names of French or Bath Asparagus.** Nettle-tops are often 
used by country people in the early spring, as they are credited with some 
medicinal value if cooked like asparagus. The roots of chicory, dandelion and 
silverweed {Potentilla anserina\ and the leaves of sorrel and dandelion are the 
most common parts of wild plants that are used as vegetables, either cooked 
or uncooked. An interesting list of wild plants was recommended during the war 
by the Austrian authorities in Vienna for use as vegetables: 

(a) For use as spinach or cabbage : nettle, plantain, giant fennel, wild garlic 
and plants of the primrose family. These can all be used alone or 
mixed with other vegetables. 

{b) Salad substitutes : chicory, dandelion, sorrel and wild hops. 

{c) For flmouring soup \ violets, giant fennel, ground-ivy. 

The universal shortage of oils and fats has stimulated the collection and use 
of various wild products that can be used as sources of oil, especially in Central 
Europe. Beech-nuts are credited with yielding an excellent food-oil, and Germany 
made efforts to secure the beech-nut harvests flrom neutral countries in order 
to augment her oil supplies. Hazel-nuts, walnuts and pine kernels also contain 
much oil. The German hazel harvest in 1916 was the largest since 1882, and high 
prices were paid for the nuts for the purpose of oil extraction. Pine-cones have 
been broken up and the kernels separated by a light form of threshing, but where 
facilities exist it is possible to release the kernels by drying the cones in kilns. 
Long before the war it was the custom for the children of the Black Forest 
(Germany) to collect elder-berries and take them to the little village mills for the 
oil to be expressed. Edible oil can also be obtained flrom horse-chestnuts, but, 
as the oil is very flrmly held in the tissues of the seeds, the extraction is a matter 
of some difficulty, and even then only about 2-2*5 cent, of oil is obtained. 
One of the best oils is obtained from the common red poppy {Papcever rhceas) ; 
it is particularly sweet and wholesome, and has been used as a substitute for 
olive-oil.* The cultivation of poppies is encouraged in Austria, as they yield 
a greater harvest than any other variety of oil-seed. Oil is expressed from various 

1 Wilson, ibid, 

* Crichton Browne, J., “A Neglected Source of Food Supply,” Selbome 
Magazine^ vol. xxviii. No. 332, 85-7,1917. 

* Hogg^^d Johnson, iMd^ 

* Lindley, J,, and Moore, T., Trectsury of Botany^ 1889. 

* Hogg and Johnson, ibid 
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Other wild plants, but as this is for other purposes than food it will be dealt with 
elsewhere. 

2. Valuable as wild plants have been in providing additional food 

for human beings, yet they have proved still more valuable with regard to 
supplementary fodder for animals, so much so that it is quite likely that some 
of the fodder substitutes will be retained after the food substitutes have fallen into 
disuse. Heather, gorse and bracken cover large areas, and provide an abundant 
source of supply. Quite early in the war attempts were made to feed heather, 
and at first it was simply ground roughly before use. In East Friesland a mixture 
of meal and heather was made that was stated to be 40 per cent, cheaper than 
any fodder previously used, and to be readily eaten by horses, cattle and pigs. 
Special heather fodders were prepared by the Germans for different classes of 
animals. The woody stalks were ground, mixed with molasses and an albuminous 
foodstuff, and used for fattening pigs. The green stems, on the other hand, when 
ground and mixed with molasses, were utilised for feeding horses and cattle. 
“ Heather meal,” containing 7 per cent protein and 9 per cent, fat, is said to 
be equivalent in feeding value to medium quality meadow hay. The Austrians 
used heather as a substitute for hay for both military and civilian horses. 

Although gorse (JJlex europceus) looks such an unpromising subject for 
conversion into fodder, it can be utilised when properly treated, and at one time 
it was much used as forage in this country, sometimes being cultivated for the 
purpose. Before use gorse needs to be thoroughly crushed to break the spines, 
rollers or a heavy mallet being suitable implements. Only young growth is fit 
for feeding, and a constant supply may be maintained by cutting areas of old 
established woody gorse down to the roots, and utilising the new growth after one 
or two years* interval. Gorse is much appreciated by stock, especially horses and 
cows. Old writers state that when it forms part of the diet milch cows give an 
abundance of milk which produces excellent butter, and cattle fatten as well 
as though fed on turnips.^ More recent work indicates that the gorse should 
be well crushed and fireshly prepared, in order to avoid fermentation setting in.* 

Bracken is less usually employed, but it is reported that the young fronds make 
a good fodder for pigs if they are mixed with potatoes, steamed and pounded, and 
also that the rhizomes are rich in food material, especially before the end of April, 
and may be fed to pigs.* 

The rhizomes of couch-grass make a valuable fodder when it is possible to 
overcome the mechanical difficulties of cleaning. Animals are very fond of it 
when fresh, and it also dries into a good hay of a nutritious quality, which if 
properly chopped up is said to be equal in value to good meadow-hay or even 
clover-hay. 

One analysis of couch-grass gave*: 

15*30 per cent water. 

7*15 » » albuminous compounds. 

34*8q „ „ soluble feeding constituents (as mucilage, sugar, 

glucose}. 

^ Wilson, Odd, 

* Fau, E,, nindusfrie laiUhre^ No. 42, pp. 677-9, 1910. J0um, Board Agric. 

VOl. XXV. p, ^4. 

* Weiner, Landw. Ztg,^ April 22,19x6. Summarised in Joum, Board Agrk, 
vol. xxiii. p. 499, 

* Hughes, joum> Bath and West of England and Southern Counties Assoc^ 
vol. viii. pp. 44-52,1897-8. 
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While a German analysis showed^: 

10*37 per cent, crude protein. 

4*93 n a digestible protein. 

^ 3^ » 3> ^2,t. 

The collection of couch-grass rhizomes has been organised in Austria during 
the war, a fair price being paid for the fodder when washed, air-dried, and made 
up into bundles. 

Chicory is also valuable, as the dried roots contain a good deal of sugar, and 
have been used instead of oats.* As, however, the root is so valuable as a coffee 
substitute, its use as fodder has recently been prohibited abroad, especially in 
Holland. The plant has often been cultivated in Italy, France, Switzerland and 
elsewhere, the harvested crops usually being made^into hay. 

A considerable use has been made of reeds as fodder in Central Europe during 
the last four years. The reeds have been reaped green in the summer time and 
fed to oxen, calves and milch cows in order to save the ordinary rough fodder for 
winter time. They are supposed to be very nutritious, and in Germany have been 
manufactured into ‘'reed grass meal.” 

Wild nuts have always been widely used for feeding purposes, especially for 
pigs, which can easily be driven into the woods to forage for themselves. Beech¬ 
nuts have recently been collected to some extent for oil, but it is recognised that 
it is more profitable to use them for feeding pigs, as less labour is required and 
a larger return is obtained. Reports have been made that sheep will not touch 
beech-nuts, and that care must be taken never to feed them to horses, as the 
"fagin” in the nuts is an active poison to them. Poultry and cattle, however, 
do not seem to be affected by the poisonous constituent.® 

Horse-chestnuts have generally been used in their natural state or roughly 
crushed, but the Germans have been converting them into a concentrated food, 
containing albumen, a large proportion of starch, and rather more than 8 per cent, 
of felt. The horse-chestnuts are dried, peeled and powdered, the bitter flavour 
being removed during the preparation, the process yielding about 8 per cent, 
of saponin, which may be used as a soap substitute.* Horse-chestnuts are very 
digestible, and do not appear to be poisonous, and practically all kinds of animals 
can be fed on them.® 

It has long been customary to collect acorns in England for pig feeding, and 
to turn out cattle and pigs to pick them up for themselves. This is less done 
nowadays, however, as many cattle have been lost by “ acorn poisoning,” which 
does not seem to affect pigs or sheep. The chief feeding value of acorns lies 
in the large amount of carbohydrates present, and the dried nuts are better than 
the fresh in this respect. With care and proper precautions there seems to 
be no reason why acorns should not be used for fattening livestock, especially pigs, 
provided they are only used in moderate amounts.® 

The green parts of various hetbaceous wild plants have considerable value 
as fodder, either in the fresh state or as hay, some of the commonest weeds being 
among the number. Spurrey {Sfergula arvensis) is rarely or never utilised 

^ Strecker, 1917. Summarised in Joum, Board A£ric. vol. xxv. pp, 330-31. 

* Set/oum, Board A^ric. voL'xxiii. pp. 499-500, 

® Joum, Board Agtic, vol. xxi. pp. 527-8, 1914. 

* See also Goris, A., C. de PAcadimio des Scionas. vol. clxv. No, 10. 
PP- 345 - 8 ,1917. 

* joum. Board Agric, vol xxi. pp. 522-6,1914. 

* Joum^ Board Agric^ vol. xxi, 1914, pp. 511-21. 
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nowadays in this country, but years ago it was recognised as good for animals, 
and was specially cultivated abroad, largely in the Low Countries. The plant 
grows rapidly, and two crops a year can be obtained, which are fed either green 
or as hay, or are eaten off the field by the animals.^ If the seeds are allowed 
to ripen it is said that they can be harvested and used separately for feeding 
purposes. Nettles, again, are used abroad to some extent when other forage 
is scarce. The animals will not touch the growing plants because of the stinging 
hairs, but shortly after cutting these hairs collapse from loss of water and are then 
innocuous. Nettles have long been cultivated in Sweden, as they can be grown 
on waste or poor land and they are very resistant to extreme temperatures.* One 
great advantage is their rapid growth, as with judicious cutting three crops a year 
can be obtained. Even where regular cutting is not practised the leaves and 
seeds are often collected and dried as winter food for fowls. The leaves are 
boiled in water to the consistency of gruel, and are then mixed with cooked 
potato peelings, while the seeds are added to other food and are found to 
stimulate egg production. Analyses made by Professor Hendrick* show that 
nettles may be very useful as feeding-stuff. Young nettles from 12-1B in. high 
sampled in May contain much fat and ash, and also as much albuminoid material 
as linseed cake. Older nettles cut in July are more fibrous and contain more 
soluble carbohydrates, but the percentage of nitrogen is higher than that in 
grasses. These figures indicate that dried nettles cut at the flowering stage are 
similar in analysis to hay made from leguminous ciops. 

Various other weeds can be used as green fodder in localities where they 
happen to grow abundantly. Knot-grass (Polygonum aviculare and P. lapathi- 
foliumY is relished by pigs, which also eat hog-weed (Heracleum sphondyliwd) 
with avidity, the knot-grass has been made into hay in Alsace.* German 
experiments® show that many of the most common weeds are distinctly valuable, 
chickweed (Stellaria niedid)^ bindweed (Convolvulus arvensis\ creeping thistle 
(Cirsium arvense\ fathen (Chenopodium album\ and sowthistle (Sonckus 
oleracous) being suitable for feeding in quantity. They are all more nutritious 
in a dry state than when fresh, bindweed containing the largest proportion of food 
constituents. Bent grass (Agrostis stolonifera) was at one time sold in France 
and Italy for horses,* and used to be cultivated in this country for fodder, though 
the practice has now almost been discontinued. 

The necessity created by the war has caused experiments to be made with 
unusual food substances; atteiCipts have even been made to utilise “ flour ” 
made from wood. This has proved of some value for feeding cattle, but is 
useless for carnivorous beasts, as dogs. In Austria fallen leaves have been 
collected from the woods and used instead of chaff in feeding horses and cattle. 
Another substitute has been made in Sweden from lichens, reindeer and Iceland 
moss being said to form valuable fodder when they are soaked and prepared. In 
Germany American waterweed (Elodea canadensis) has been collected from lakes 
and water-courses and dried for forage, especially for pigs. 

^ Spurrey as a forage crop, Joum. Board Agric. vol. xviii. pp. 1020-24. 

* Garcia Santos, A Vinka Portuguexa, vol. xxxi. No. 9, pp. 276-80,1916. See 

Rome Bulletin, vol. viii. p. 77, 1917. ^ ^ . 

* National Food Joum. Sept. 11,1918. See ^sojourn. Board Agnc. vol. xxv. 
p. 992, 1918. 

* StSrme und Klein, Deutsche Landwirtsch. Presse, 41 . No. 80, p. 890, 1914. 

See also Rome Bull p. 1626, 1914. "" Hogg and Johnson, ihd. 

® Kling, M., Landw. Versuch^siat voL Ixxxv. pp. 433 'i^O- 

* Wilson, md. 
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Weed seeds form a useful food for animals when they can be obtained in bulk, 
and they are used either in their natural state or as cake after the oil has been 
expressed from them. The seeds of poppy, charlock, and gold-of-pleasure 
{Camelina saiivd) all yield valuable supplies of oil, and a cake that is of much 
feeding value. Black bindweed {Polygonum convolvulus) is closely related to 
buckwheat, and the composition of the fruits is very similar, so that the weed 
fruits have been utilised to replace buckwheat for feeding purposes.^ The fruits 
of cleavers {Galium amarine) are exceedingly hard, but have been used as food 
for cattle when thoroughly ground.* 

Mulberry-leaves are not always obtainable for rearing silkworms, but they 
can be replaced by comfrey {Symphytum officinale^ dandelion and knot-grass 
{Polygonum aviculari)^ which are readily eaten by the caterpillars. Great claims 
are made for comfrey, as German growers state that if the leaves are used for 
food four or five crops of cocoons can be secured during one year, instead of the 
single crop that is obtained when mulberry-leaves are fed. 

3. Fibres, —The utilisation of wild native plants for the provision of fibre 
suitable for textile manufactures has not been considered very seriously until the 
last few years, except in a few cases where local use has been made of occasional 
species. Nettles {Urtica dioica zsA U.urens) are the one exception to this, as 
they have been exploited from very ancient times, though with the great modem 
developments of cotton and linen manufectures they have fallen into disregard. 
The ancient Egyptians held the secret of preparing fine white thread from nettles, 
and this was largely used for weaving into textile fabrics. In some parts of Italy 
nettle cloth has been woven till comparatively recent times, and in Siberia the 
weed has provided the fibre needed for the manufacture of twine and rope, chiefly 
for fishing-lines and cordage.* Some advance had been made during the last 
ten years, as in 1911 an Austrian firm devised a method of removing the gum from 
the rough fibre, the resulting finished product being a pure bleached fibre which 
was glossy, supple and flexible. The war, however, has given a considerable 
impetus to the exploitation of this source of fibre, and so many improvements and 
inventions have been carried out that it seems likely that, with judicious methods 
of ^cultivation, nettles will prove a profitable crop. In 1916 the Central Powers 
had developed the industry so far that nettle fibres were reported to cost 60 per 
cent, less than imported cotton, and the War Ministries were using it for 
manufacturing wagon-covers, tents, sackings, clothing materials, and even cloth 
for military underwear. In Denmark the nettle yarn has been worked up with 
wool, with satisfactory results. At first the warp was of wool, the woof of yarn 
spun from nettle fibres, the resulting fabric being suitable for men’s suits, as it was 
not so soft as pure woollen cloth, though it possessed considerable strength. 
Later on attempts were made to blend the wool and nettle fibres in the yarn, 
as better results were expected from such a combination. 

Steps have been taken to organise the collection and cultivation of nettles, with 
the result that by 1918 it was estimated that 23,000 hectares (« 9,292 acres) would 
be under nettle cultivation in Germany, with an estimated yield of 175,000 
metric cwt. of fibre. The cultivation of nettles has also been Encouraged in 
Hungary, a special company being formed to further the work. The plants 
will grow well on ground ^at is of little agricultural value, and in some plantations 

^ Hogg and Johnson, ibid, Landw, Versuchs-staL 78. See Journ, Board 
Agrlc, vol. xix. pp. 676-7, 

* Bernatsky, J., 1915. See Rome Bull. vol. vii. pp. 245-6, 1916. 

* Hogg and Johnson, ibid. 
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they have developed into shrubs as high as a man. In other cases plantations 
have been formed on moorland which is unsuitable for growing food crops, and 
it is claimed that by doing this the land is subjected to a process of slow, natural 
cultivation that in time will increase the agricultural value of the land. 

Other fibre substitutes are still of comparatively little importance, though they 
have proved useful in emergencies. The long hairs attached to the flowering 
heads of cotton grass {Eriophorum sp.) have been used for spinning purposes, 
either alone or mixed with wool or cotton. When mixed with ordinary cotton 
in the proportion of 3:1 a fine yarn is obtained, and when combined with about 
equal proportions of wool it yields a coarse yam useful for making into thick 
stockings, or for weaving into a serviceable cloth. Cotton grass is very abundant 
on the German peat moors, though the exact species used is not indicated. 

The hairs from the seed of willow-herb (JBpilobtum sp.) were used at one time 
for stuffing pillows, bed-quilts, etc., and were also spun with cotton to give a yam 
for glove-making. The cost of production is high, the yield is low, and the fibre 
has little strength, so the outlook for this is not promising. The hairs from the 
heads of reedmace {Typha sp.) have been used for stuffing feather beds, and it was 
an old Swedish fashion to mix them with cotton for the manufacture of hats. 

Other wild plants yield a class of much rougher fibres. The bast fibres from 
willow-bark (obtained from twigs peeled for the manufacture of baskets) make 
a good substitute for oakum, and have been used instead of tow and jute in 
Germany, the carded willow-bark being very useful instead of tow for cleaning 
guns. Successful attempts have also been made to spin the fibres into cloth, 
either with or without the admixture of cotton. The willow fibres have been used 
as a bast for tying up planks. Air-dried willow-bark (or rind) will yield from 
10-20 per cent, (or even up to 30 per cent) of fibre, but care is needed in treat¬ 
ment, as, if the freshly gathered material is piled in heaps, it is apt to rot, which 
renders it practically worthless. 

Hop tendrils have also been recommended as a good substitute for jute, 
especially in the production of sacks, but, as the proportion of fibre is only about 
8 per cent, and the cost of production is rather high, it is more profitable to utilise 
the tendrils as fodder. 

In Sweden cloth has been woven from peat fibres, proving cheaper than 
shoddy at the prices ruling in 1916. Broom fibre is being used for rope-makers^ 
wares, and may be regarded as a prospective substitute for hemp. 

In connection with the textile industry, seaweed has been turned to account 
in the preparation of a dressing substance which is said to be valuable in binding 
the other dressing stuffs and to make the colours faster and more brilliant. 

• Various species of seaweed are used for the purpose, including Laminaria, 

Sedge, rushes, and reeds used to be widely employed for coarse work, though 
they are <^less importance nowadays. Rushes were woven into mats and baskets 
of kll kinds; chair bottoms were made from them, and useful cordage for rustic 
purposes was prepared by twisting the rushes together.' Sedge has been used 
by the Italians for the covers of oil-flasks and for chair bottoms, and also for 
stuffing crevices in casks, while the Laplanders are said to make a kind of flaxy 
fibre from it to protect their feet and hands in winter. In Kent the larger varieties 
of sedge have been used as ties to fasten the hop-vines to the poles.’ 

The great shortage of paper-making materials has led to a diligent search for 
substitutes, and much work in this direction has been carried out by Professor 

* Pratt, A., idiif, 

’ Wihon, im 
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F. W. Oliver. Large quantities of raw material are essential if the schemes are 
to be of practical value, and amongst others attempts have been made to utilise 
the large areas of vegetation on the sea-coasts. Cord-grass (Sparfina sp.) is one 
of the most promising plants, and with judicious cutting two tons of dry grass per 
acre can be obtained, which can be worked up into a satisfactory paper, care 
being needed to avoid disfigurement with specks of mud. Maram-grass {Psamma 
arenarid) is also being investigated for this purpose. The common reed {Arundo 
phragmites) yields a good typewriting paper, which bleaches well. Couch-grass 
{^Agropyrum repens) rhizomes can also be worked up into paper, and, although the 
quality is not very good, it is useful for rough work. As experience is gained and 
improved methods of treatment are developed it is hoped that a larger measure 
of success will be obtained. 

4. Fuel. —Gorse is a very old-fashioned type of country fuel, and is still used 
for heating the large brick bread-ovens, as it throws out a great heat. It is also 
customary for country people to collect the gorse from commons after it has been 
charred by fires which are sometimes accidental and sometimes started purposely 
to clear areas for regeneration. In districts where pines and firs grow freely the 
cones are useful for fuel, and latterly they have been used for firing on the Swedish 
railways, where it is found that two tons of cones give out as much heat as one ton 
of the German coal usually used. 

Large quantities of weed-seeds are obtained when cereals are screened in 
bulk, and as these often contain an abundance of charlock (an oily seed) and fat- 
hen, it has been proposed to mix them with small coal for burning purposes.^ 

In Denmark seaweed has been used a source of gas, and as one ton of 
seaweed produces more than half the amount of gas obtained from one ton of coal, 
it is a profitable undertaking where great accumulations of seaweed occur. 

Oil for heating and lighting purposes can be obtained from the seeds of gold- 
of-pleasure {CameUna satzva). This oil was famous in the days of the old 
herbalists, as Gerarde tells us that the rich people of his day burnt it in their 
lamps, while the poorer people used it for culinary purposes at festivals. The oil 
has hardly any smell, and is supposed to give a brighter fiame and less smoke 
than oil of rape or mustard, but it is probably more useful to soapmakers than 
as fuel.* 

5. Manures. —^The residue, after gas has been abstracted from seaweed, 
contains considerable quantities of potash salts, thus making it a valuable manure. 
Factories have also been set up in Sweden to e.xtract the potash from seaweed for 
agricultural purposes. This, of course, is only a revival and modification of the 
old use of kelp as manure. Where cartage is cheap it has long been the custom 
to manure fields near the coast of our own country with seaweed, but with mcreased 
labour costs it is now less frequently possible. Various attempts have been made, 
with more or less success, to set up factories to bum the kelp on the spot in order 
to obtain the potash and other valuable ingredients in a more portable form. 
Waste hedge-trimmings supply a fair amount of potash, but to obtain the best 
results the material should be burned as soon as possible after cutting, and the 
ashes either spread on the ground at once or stored in a dry place to avoid loss 
of soluble salts by leaching. A similar use can be made of bracken, the most 
profitable time to cut it for this purpose being July.® 

* Dymond, J, R., Archibald, E. S., Eldorf, F. C., ** Grain Screenings and 
Results of Feeding Experiments in Canada,* Dominion of Canada, Dept of 
4 mk p.44,i9i5 » Wilson, 

» Joum. Board Agnc, voL xxv. No, i, pp. i-ii. 
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The ordinary farm weeds can be turned to account in various ways, either 
by using them as green manures or by burning them on the gi'ound and scattering 
the ashes. On sandy land bent grass {Agrostis sp.) is most abundant, and it is 
the usual custom to scuffle it up into heaps and burn it there and then. Couch- 
grass {Agropyrum repens) is sometimes treated in the same way, when it grows 
in soil that is not too heavy to allow the rhizomes to be removed cleanly from the 
ground. When large quantities of miscellaneous weeds are collected by the 
harrow and it is not possible to bum them, they are often carted away and mixed 
with lime, which rots them down into a useful compost. The carting needs 
to be carefully done, in order that the seeds shall not be scattered about more 
than is necessary, but under no circumstances should heaps of weeds be left lying 
about without some attempt being made to destroy them, as it is in that way that 
bad attacks of weeds are encouraged. 

If foul land is ploughed up and the weeds are thoroughly well buried they soon 
decay and return their plant constituents to the soil. The texture of light land 
can be considerably improved in this way, and it has been suggested that spurrey 
may profitably be sown on sandy soil for this purpose, provided it is turned 
in before the seeds are ripe.‘ Analyses have been made in Germany of some 
of the commonest weeds, showing that they have considerable manurial value, 
as chickweed [Stellaria media) and fathen {Chenopodium album) each contain 
about io’9 per cent, of potash, while bindweed, sowthistle, and others are also 
useful.* 

6. Drugs .—Comparatively few of our native plants are of much commercial 
value as drugs, but meadow saffron [Colchicum auiumnale\ hemlock {Conium 
maculattim\ poppy {Papaver sp.), deadly nightshade {Airopa belladonna)^ foxglove 
{Digitalis purpurea), henbane {Hyoscyamus ntger), and dandelion {Taraxacum 
vulgare) are widely used, and are cultivated to supplement the supplies obtained 
from the wild plants. The seeds of meadow saffron have been prescribed for 
gout and rheumatism,* and the sedative alkaloid conine is obtained from hemlock, 
the green, unripe fruits containing the largest proportion of the drug. Poppies 
have been valued for their narcotic properties from very early days, as they were 
used in medicine even in the time of Theophrastus {area 322 B.c.). More 
recently the field poppy has been chiefly valued for a fine red substance obtained 
from the petals, which is used as a colouring matter in pharmacy.* During the 
war it has been difficult or impossible to obtain adequate supplies of many drugs 
that are usually imported, and a considerable impetus has been given both to 
herb-growing and to the collection of medicinal wild plants. For the latter work 
the school children have been orgi^nised in many parts of the country, and 
considerable supplies have been thus obtained. 

The bark of alder buckthorn {Rhamnus frangula) has recently been used in 
Austria to provide substitutes for a whole series of drugs that were hitherto 
imported, and in various places iodine, bromine and other medicinal preparations 
have been extracted from seaweed. The root of broad dock (Rumex obtusifolius) 
is very astringent and can be used in the same way as the powder or tincture of 
Turkey Rhubarb,® while if powdered it is said to make an excellent dentifrice.® 

^ See Joum. Board Agric. vol. xviii. pp. 1020-24. 

* Kling, M., Landntf. Versuchs, vol. Ixxxv. pp. 433 - 70 * See Journ, Bo 
Agric, xxii. pp. 362-3. 

* Fluckiger and Banbury, Pharmacographia: A History of Dru^, 1874. 

* Fluckiger and Hanbury, ibid. 

® Wilson, ibid, ® Pratt, A,, ibid 
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The juice of the tall buttercup {Ranunculus acris) is very aciid when fresh, and 
is occasionally applied to cause local irritation in cases ot rheumatism and other 
ailments. If carelessly used it may cause ulcers, but the plant loses its virulence 
on drying. Old writers say that beggars use this juice to raise ulcers on their 
feet, which they then exhibit to excite compassion.‘ 

Coltsfoot {Tussilago farfara) is an ancient remedy for chest and lung troubles, 
as che leaves are demulcent, and give great relief when they arc smoked. British 
herb tobacco largely consisted of coltsfoot leaves, and was formerly much used 
in pulmonary complaints.* 

7. Several wild plants contain colouring matters that have been used 

for dyes, but they are seldom so employed since chemical dyeing has come into 
its own. A blue dye, woad, is obtained from Isatis Uncioria^ and when this is 
combined with the bright yellow dye from woodwax {Genista tinctorid) the 
celebrated “ Kendal Green ” is the result.” * Ladies* Bedstraw {Galium verum) has 
been used by the Highlanders to dye red, the roots of the plant being boiled with 
the yarn, the colour being fixed by the addition of alum. In some quarters this 
dye is considered to be superior to madder, and at one time attempts were made 
to cultivate it, but the yield per acre is too low to make it a paying proposition.* 
If the tops of the plants are boiled with alum a bright yellow dye is obtained. 
Agrimony {Agrimonia eupaforia) yields a yellow dye which varies in shade 
according to the season at which the plant is gathered, being bright nankeen 
if gathered when the flowers are beginning to open, and a deeper colour if left 
until September,^ Yellow colouring matters have also been extracted from the 
roots of nettles {Urtica dioica) and from dyer's rocket {Reseda luteola). A fine 
red dye has been produced by boiling the dried roots of sorrel {Rumex acetosd)^ 
and the outer parts of the root of com gromwell {Lithospermum aruense) give 
a red colour to oily substances, skin, paper, and linen, a substitute for rouge being 
prepared from the plant in Sweden.® 

8. Miscellaneous Uses ,—Individual species of weeds and wild plants have many 
specialised uses to which they are adapted by some peculiarity of habit or property. 
Many of these uses are very local, but nevertheless the plants fill certain gaps 
in the general economy of life. Some industries take advantage of wild products 
and utilise waste substances to great advantage. The small round fruits of fat- 
hen {Clmiopodiunt album) are pressed into moist hides in the preparation of 
Shagreen leather, giving the characteristic pitted appearance. Tannin sub¬ 
stitutes can be derived from agrimony {Agrimoiiia eupaioria\ which has been 
used in Germany, cinquefoil {Potentilia repians\ tormentil {Poteritilla tormentilla) 
(sometimes used in the Western Isles of Scotland and in the Orkneys and 
bracken {Pteris aquilina). The seeds of plantains {Plnntago sp.) ai'e coated 
with a considerable quantity of mucilage which stiffens muslins well, as it gives 
a substance that is not easily obtained with other preparations. 

Carragheen moss has recently been used in Germany for the impregnation 
of balloon envelopes and aeroplane wings, carragheen, salt and magnesia powder 
being boiled together and filtered, the filtrate being applied as the dressing. 

' Woodville, W., Medical Botany, 1790-92. 

* Woodville, W., ibid, 

* Bindley, J., and Moore T., Treasury of Botany^ 1889. 

* Wilson, ibid, 

^ Hogg and Johnson, ibid, 

® Wilson, ibid, Pratt, A., ibid, 

^ Hogg and Johnson, 
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The various species of horsetail (Eqidsetitm sp.) abound in small particles 
of mineral matter which make the plants useful for scouring purposes, especially 
for cleaning tinware and for polishing hardwood, ivory and brass.^ A large 
species (JB,, /lyema/e) has been'imported from Holland under the name of Dutch 
rushes^ and used in Northumberland for cleaning milk-pails. Goose-grass {Galium 
aparine) is also appreciated in some dairies, as it makes an efficient substitute for 
a sieve for straining milk. This is a very ancient use of the plant that was known 
to the Greeks, and has lived on in various parts of Europe, to the present day.* 
Milk is curdled in Picardy by the addition of fumitory {FumaHa qfficinaUs\ 
and nettles and goosegrass {Galium aparine) can be used in a similar way.® 
Nettles can be made into a rennet by adding a quart of salt to three pints of 
a strong concoction of nettles, and a tablespoonful of this rapidly coagulates 
a large bowl of milk, making a pleasant beverage free from any flavour of nettles.^ 
Other domestic uses are occasionally served by wild plants. Heather is com¬ 
monly used for beds by cottagers in remote places, and mattresses are stuffed with 
it. Cushions and pillows are sometimes filled with the cottony down from the 
leaves of coltsfoot {Tussilago farfara\ and in the days when flint and steel were 
used instead of matches this same down made an excellent tinder when it was 
wrapped in rag, dipped in a solution of saltpetre and dried in the sun.® 

During the war cork substitutes have been prepared from elder pith, but 
better results were obtained by drying and pressing certain fungi that are plentiful 
in the forests of Hungary, the collecting and drying presenting little difficulty. 
In Norway boots and shoes have been soled with birch bark, several layers of 
smooth bark being glued together with a special preparation. The soles are 
warm, watertight and durable, and are fairly flexible. Seaweed is being exploited 
as a source of glue and similar products, especially in Norway, where great 
accumulations occur in places along the coast. 

From the above account some idea may be gained of the part played by wild 
plants in common every-day life, and especially of the revival in their use brought 
about by the Great War. Doubtless many of the uses, both old and new, will 
again fall into neglect, but it is possible that in some instances sufficient advance 
has been made to assure that certain weeds will continue to be exploited for the 
benefit of the community. The field of possibility is large, and it would be a great 
pity if the knowledge gained during the time of stress were lost for lack of 
enterprise in following the matter up and extending the bounds of usefulness 
in cases justified by experience. 


WAB—A PLEA FOB SCIENTXFIC BESEABOB (Hajor-General 
Charles Boss, C.Bm D.S.O. (ret.)) 

PART II 

' How control the Spirit of Illegitimate Ambition ? 

It is illegitimate ambition which, in ordinary social intercourse and business 
competition, gives rise not only to robbery by violence, but to cheating and 
chicanery. The two last, indeed, are infinitely more prevalent in civilised 
communities than the first, for they can often be practised with impunity in spite, 

‘ Mac-Millan, C., Minnesota Plant Life^ 1899. 

* Pratt, A,, ibid. * Wilson, ibid. 

® Hogg and Johnson, ibid, * Hogg and Johnson, ibW 
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or even under the mgis^ of the law and the police force. Yet they are as apt as 
violent robbery to give rise to the fighting spirit. It is possible to devise social 
laws under which robbery and open cheating can be punished and more or less 
controlled; but no law can be devised which leaves no loopholes for chicanery. 
International chicanery is certainly calculated to rouse passion and the fighting 
spirit in a community, as witness in the Japanese when the Russians obtained 
possession of Port Arthur by trickery. 

Society attempts to control chicanery to some slight extent by means of 
exposure in the Press. Such a method might operate with success in international 
relations ; though a nation which would be guilty of chicanery would hardly 
hesitate to open a press campaign in support of its pretensions. 

It is, evidently, only along educational lines that any real lasting success can 
be gained. In a word, the whole of humanity must be taught to be gentlemen. 
The German leaders, by means of their educational system, successfully taught 
the whole of their people to be cads ; so that the thing might be possible provided 
the necessary educational machinery could be set up. One need only glance at 
the present condition of Europe to grasp what a superhuman task such an attempt 
will be. 

In this connection it is as well to bear in mind that youth loves competition, 
conflict, and pursmts which involve hardship and danger. In our unregenerate 
condition youth particularly loves to be taught how to fight. To eradicate or 
control such a sentiment will not be easy, and will require not only a most perfect 
system of education, but guarantees that the instruction is everywhere carried out 
on the required lines. It is only under the strictest discipline that such guarantees 
can be established. Certainly, the educational system and curriculum must not be 
left to the ‘‘ self-determination ” of the various nationalities; and it is, consequently, 
essential that some controlling power be established with right and power to lay 
down and enforce both system and curriculum. It is probable that the best, if not 
the only practicable, system would be that which existed before the war and was 
known as “ militarism,” with, however, military training eliminated and replaced 
by physical or hygienic training and education—in a word, vast disciplined 
national schools instead of armies. Such national schools might, however, at 
short notice, be transformed into armies, and would, therefore, in themselves be a 
source of danger to the peace of the world. Neither would “ Labour” listen to the 
suggestion: foi discipline is apparently opposed to their principles, inasmuch as 
it interferes with “ liberty.” It is an unfortunate fact that any serious attempt to 
suppress war must inevitably result in the suppression of liberty, so far, at least, 
as education and freedom of thought are concerned. And if such a system could 
be established, should we not come back to the days of Papal supremacy, finally 
of the Inquisition ? 

There can, however, be no objection to an international university which, 
could it but draw to itself all the best thought of the world, might, in the end, 
exercise an important influence on education throughout the world. Such a 
university has already been suggested for medical science ; and there seems no 
reason why it should not embrace all arts and sciences, not even excluding this 
vast science called war. 

Other Considerations which cannot be Disregarded 

We see war all around us throughout the animal and vegetable worlds. The 
pine tree allows but few forms of life, either animal or vegetable, to flourish 
beneath its branches. It overtops and destroys flowery aad shrubs, depriving 
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them of sunlight and air, choking them with its poisonous needles. But few trees 
permit vegetation to thrive ; and all, if at all crowded, seek to over-top or thrust 
their neighbours aside in the struggle to reach sunlight and air. 

A similar struggle exists in the animal world. Most types of animals prey on 
others. The exceptions, those which are in no way carnivorous, are themselves 
invariably preyed upon in the wild state by the better armed and more ferocious. 
It is noticeable that all animals are armed in one fashion or another for defence, 
and those armed for offence are the most savage. 

Of all animals man is the most ferocious. With the exception of the leopard, 
the weasel, and one or two other types, he is the only one that kills for sport and 
for the very love of it. He also conducts a ruthless war of extermination against 
all animals or vegetables which so much as incommode him. He destroys even 
their very breeding-grounds. 

It is to be noted that carnivorous beasts of the most savage type seldom attack 
or prey upon each other except when driven to extremes by starvation. This 
absention appears, however, to be due to fear; for a wounded or sick wolf, for 
instance, is generally killed and devoured by his comrades. Some domesticated 
animals, on the other hand, have been cured of their propensity for the destruction 
of their own kind by man, by the expedients of punishment and the supply of 
ample food. Man has constituted himself the master, and exercises absolute 
control over the actions of the animals he has domesticated. He permits only 
such liberty as suits him or as is essential to enable them to execute the tasks he 
sets them. They are his slaves. If, then, it is desired to cure man, himself, of 
his propensity for the destruction of his own kind, it is, presumably, necessary to 
domesticate him and to establish a ruling authority, if none such already exists, 
which shall provide him with a sufficiency of food, with such comforts and luxuries 
as he desires, with a fair portion of liberty, and certain and severe punishment if 
he attacks his neighbours. 

Is there such a Ruling Authority f 

Any attempt at a scientific study of war must inevitably bring us to this 
question, and the solution of the problem is quite impossible unless it be honestly 
tackled. 

There is no evidence, worthy of the name, that the writer has ever been able 
to discover in his studies of history to show that the Almighty concerns Himself 
in the slightest degree with the struggles of men. This, in spite of the fact that 
combatant armies and nations are accustomed to offer up prayers for victory, 
asseverating loudly that they have justice on their side, and that the opponent is 
unworthy of consideration. How can we account for the fact that the Almighty, 
being both omniscient and omnipotent, pays no regard to the piteous supplications 
of humanity, and permits the horrible turmoil to continue as if we were but 
communities of ants? 

Neither does He apparently exercise, in a direct manner at least, penal 
authority, the powers of a judge, over mankind in ordinary social intercourse; 
for if He did there would be no necessity for our own judges, juries, law courts, 
or police force. It has been said that ‘'the mills of God grind slowly, but they 
grind exceeding small,** That may be so; but punishment inflicted long after the 
offence has been forgotten is no deterrent to crime. Hence it is that society is 
obliged to adopt measures to safeguard itself. 

It is clear then that similar measures, which have been proved by long 
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experience to be efficacious, must be adopted by man if international or civil wars 
are to be terminated. That is, a ruling authority with power to make laws and 
inflict punishment must be established, with its whole paraphernalia of law, judges 
to interpret it, and a police force of overwhelming power to maintain it. And, as 
we have already seen, this ruling authority must also possess the power to lay 
down the system and curriculum of education and, if necessary, enforce it. 

It is evident that if a termination is to be put to war nations must abdicate 
their sovereignty and rest content to be governed by an international parliament. 

It is a noteworthy and undoubted fact that, with the introduction of party 
government to South Africa, the idea of revenge against Great Britain quickly 
died out. The party system is certainly calculated to withdraw public attention 
from national problems and concentrate it on purely social problems. 

Is an internatioual parliament, conducted on the party system, a feasible 
proposition ? 

War^ Civilisation^ and Progress 

It has been commonly asserted that another such war as the last will ** destroy 
civilisation,” 

Certainly, it might seriously damage the Christian ideal, the moral aspect of 
civilisation, in that it may prove might to be right and unscrupulous methods to be 
the surest road to success. It should be noted, however, that this last war has 
considerably strengthened the Christian ideal; and, for the first time in history, 
all the great nations have set themselves seriously to consider how bickering and 
treachery are to be suspended and war averted. 

On the other hand—and this self-evident fact can no longer be disregarded— 
war gives a tremendous impulse to material progress, not only in invention and 
scientific research, but also in the arts. It awakens the best in humanity as well 
as the worst, and it certainly destroys lethargy. It is probably the case that a 
greater stride forward is taken by cirilisation in four years of war than in fifty 
years of peace. And such progress by no means terminates with the conclusion 
of the war—as is proved throughout history. The “ Golden Age ” of a nation 
usually follows victory. 

If, therefore, the great object of a Higher Power is progress, can a better 
means be found than a great war ? Is war a drastic pruning at the hands of the 
Great Gardener ? 

The type of war which is calculated to destroy civilisation is the violent 
upheaval of the “masses,” of the uneducated labour classes, or the irruption of 
hordes of barbarians over the whole civilised world. 

Thoroughly disciplined and organised military forces are the surest safeguards 
against such forms of war. It is to be noted, for instance, that Bolshevism—which 
is certmnly calculated to destroy dvilisation—finds better soil on which to feed in 
the unorganised British nation than in the thoroughly organised French, Italian, 
and German nations—and that in spite of the fact that the Germans have been 
defeated, while the British have been victorious. Yet, throughout history, revolu¬ 
tion has usually followed on defeat and seldom, if ever, on victory. 

There is another catch-phrase to the effect that armaments are “ unproductive 
services.” No system which lends itself to education can by any possibility be 
termed unproductive. As well might one term universities and schools unproduc¬ 
tive services and suppress them because the curriculum of education is faulty. The 
value of armaments as educational systems has long since been proved by the 
Germans and the French, and is now being proved by the British. 
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The Widening of the D of I Tor 

In the early Middle Ages, each feudal baron was at war with his neighbour. 
The power of the barons was ultimately suppressed by the king. We next find 
war engaged between small principalities, then kingdoms ; and it was exteiior 
menace which induced these to combine in self-defence. Great Britain and France 
have been hereditary enemies for centuries. Their enmity slowly died out as the 
Gennan menace gradually took shape. Finally, these hereditary enemies combine 
in self-defence. 

Thus the basis of war is slowly but surely widening ; and, in the last great war, 
instead of one petty baron or kingdom against another, we see two leagues of 
nations engaged in a life-and-death struggle. Will the next great conflict occur 
between hemispheres, or between white and black, or white and brown ? Or will 
Bolshevism develop into a universal civil war ? 

If all mankind could but find some common object of hostility! Will inter¬ 
national party politics serve the purpose of distracting men’s minds from war? 

Overcroudin*^ of the Earth 

Medical science, day by day, gains triumph over disease. If war also dis¬ 
appears, overcrowding must result. In that case famine or new diseases will, 
presumably, appear. The only suggestion so far made to cope with this probability 
is the compulsory limitation of the birth-rate. Here is, however, one would think, 
a certain cause for civil war. 

War 07 ie of the Forces of Nature 

Can there be any doubt of it ? Can it be suppressed ? As well might one try 
to suppress the sun or the sea. The utmost we can attempt is to control, harness 
and utilise it in some slight degree as other forces of nature have been utilised. 
And the first step is certainly to institute a scientific and exhaustive study of the 
whole subject and of those others which are so closely allied to it. 

There are many great thinkers, each engaged in exploration of his own little 
river or stream of science, mere tributaries of the vast river of war. These 
explorers in a dark continent are slowly progressing towards the unknown, where 
the true causes of war and perhaps the remedy for it lie awaiting discovery. Has 
not the time arrived when an attempt, at least, should be made to combine and 
organise these various activities ? 


A PLEA FOB THE TEACHIHO OF GEEEBAL HZSTOBT 

(Ernest Short) 

There is a striking passage in AmiePs Journal to this effect: “ Under the 
pretence that we want to study it more in detail, we pulverise the statue.’^ How 
true this is of the teaching of history in many schools 1 In the effort to impress 
facts upon the memory of the student for examination purposes, we lose sight 
of the all-important duty of making the boy or girl feel the real thrill of history. 
So the student fails to realise the essential harmony of all human happenings, 
which is the source of the real joy and satisfaction of history. 

And how, after all, can it be otherwise while history is Regarded as meaning 
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English history? while geography, science, literature, and art are treated as 
separate subjects? Surelypulverising the statue” is not an unfair description 
of such a method ? 

The purpose of these pages is to suggest a method of teaching history which 
will not only afford a background for our own island story, but will utilise the 
hours devoted to geography, literature and Bible teaching. Above all, the aid 
of art is evoked—art which, in later years, is often the outstanding reason for the 
study of Ihc past, 

A school year is generally made up of three terms of twelve weeks each, 
thirty-six weeks in all. I suggest that these thirty-six weeks should be divided 
into eighteen fortnights, and each devoted to a period of general history. Thus 
all history would be covered in the school year. In the following year the process 
would recommence. Here is a provisional list of the suggested periods ; * 

1. The Creation and Prehistonc Man. 

2. Egypt, Babylonia and the Fat East. 

3. The Greek City States. 

4. The Art and Thought of Greece. 

5. Roman Republic to Julius Caesar. 

6. Rise of Christianity. 

7. The Roman Empire. 

8. The Middle Ages. 

9. Italian City States. 

10. Reformation and Counter Refoimation. 

11. Spanish and Dutch Empires. 

12. Supremacy of France. 

13. England in the Age of Shakespeare. 

14. Rise of British Imperialism. 

15. The Napoleonic Age. 

16. The Reaction and the Revolutions of ’48. 

17. The Coal and Factory Age. 

18. The World War. 

There is probably no better way of introducing each epoch than a general 
lecture, given by the head master or a visiting lecturer, to the whole school. 
In an hour it would be possible to outline the mam facts and principles underlying 
any one of these periods. The facts of the nineteenth ^ century can be grouped 
around such ideas as the coal age and the invention of the railway, the steamship 
and industrial machinery. These brought about the growth of large towns and 
the increase of national wealth. Fmally, with the increase of knowledge came 
the demand of the mass of the people for political power* Ideas which can 
be summarised in a sentence can be vitalised in an hour. 

Let me deal in rather more detail with another typical fortnight, that covering 
the Story of Creation and Prehistoric Man. The first of all historical facts 
is the vastness of geological time and space, compared with tlie physical littleness 
of man^ A description of the creation of the sun, the planets and the earth from 
the chaos oi undifferentiated matter will bring home to a child’s mind the immensity 
of space. As for timei the throwing off of the moon from the glowing earth may 
have been a hundred million, or even a thousand million, years ago. The 
physicists and geologists differ. The minimum suggested is 57 million years 
ago. Yet the whole recorded history of man is about 8,000 years. It is, perhaps, 
26 million yeats smce life became possible on our planet through ** the gathering 
ti^^ther of vfhen t^e once-glowmg globe had cooled to boiling point. 



ESSAYS 


139 


Perhaps 20 million years ago the first living thing appeared. Later came the 
deposition of the chalk cliffs, the uplifting of the mountain chains, and the coming 
of the man-like apes, say a million years ago. The first lecture would end with 
a simple sketch of palaeolithic and neolithic man, showing the place “ tools ” had 
in their development, aud the growth of pastoral and agricultural life on the 
steppes of Central Asia, Africa and Europe. 

If this lecture were all, the effect upon the child mind would, doubtless, be 
fleeting. But the first impressions can be deepened by a visit to the Stone Age 
Gallery at the British Museum, and, above all, by the other English lessons 
dealing with cognate subjects. Thus the Bible lessons in the first fortnight 
might be the first chapter of Genesis and the thirty-eighth chapter of Job. The 
literature lesson might be RaphaePs “ Story of Creation ” in the seventh book 
of Paradise Losi, or such poems as Kipling’s The RivePs Tale^ and The Story 
of Ung, The English history lesson would deal with such subjects as “ London 
Before the Houses,” or England in the Stone Age.” Instead of a map selected 
at random from the atlas, why should not each student construct a chart of 
the solar system and a chart of the geological epochs? Finally, the weekly 
essays would also be suggested by the theme for the fortnight’s study—let us say 
“The Poetry of Creation,” and “ England in the Stone Age.” 

Every essay should be carefully filed and preserved. It should also be 
illustrated by pictures. Thus “The Poetry of Creation ” might include the Sistine 
Ceiling designs of Michelangelo, the “Creation Series” of Burne-Jones, while 
“ England in the Stone Age ” could be illustrated by postcards of museum objects 
which can readily be secured at the British Museum. If the essays are preserved 
for a year, each child will ^possess a series recalling the main course of universal 
history, and illustrated by some hundreds of pictures and thirty-six maps. He 
will also be familiar with a number of illustrative poems and passages flrom general 
literature, which will surely not have lost in value by association with a fitting 
historical setting. 

Let us test the metho 4 by applying it to another epoch—say “The Golden 
Age of Greece.” The previous fortnight closed with the story of Marathon, which 
placed Athens at the headship of the Greek city-states, and saved Europe from 
the domination of the Eastern conquerors. Surely a child can be taught to 
visualise the building of the Parthenon, and see the difference between a Greek 
temple, the shrine of a tribal god or goddess, and a great Gothic cathedral where 
a Christian community meets for prayer and praise. And, from the greatness 
of the Greek sculptors, it is an easy transition to the greatness of the Athenian 
dramatists, philosophers and historians. Declaim a passage from Pericles’ 
address, as set out by Thucydides, and then pass on to the tragedy of Melos. 
Recall that the very qualities which made for the wonderful art and literature 
of Greece did not make for political wisdom and sobriety. Afler a short century 
the passion for liberty was lost. At last, in spite of the call of a Demosthenes, 
Athens fell before Alexander of Macedon. 

Here, again, the first sketch of Athenian history may seem so general as to 
be almost useless. But remember the effect of the collection aitd possession 
of such photographs as the “Delphi Charioteer,” Myron’s “Discobolus,” the 
“ Theseus ” and the “ Three Fates,” from the Parthenon; the “ Demeter,” the 
Praxiteles’ “Hermes,” the Trentham “Mourner,” and the “Venus” of Melos. 
Moreover, the Bible lesson would deal with St Paul’s visit to Athens, or even 
consist of a reading of the death of Socrates as told in the Pkeedo. The maps 
of the fortnight^would be tbe “ Siege of Syracuse” and Alexander’s conquests^ 
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while suitable essays would be “ Describe a Greek Theatre,” or ** Alexander’s 
Boyhood.” 

Each fortnight’s work should aim at providing a framework into which future 
knowledge may be fitted, rather than a final structure. Intellectual curiosity 
should be encouraged rather than the mere accumulation of facts. When once 
the spirit of enquiry is aroused in a boy or girl, the facts will take care of them¬ 
selves. The last thing to be desired is that the first glimmering of knowledge 
should be fixed or final. But the boy or girl cannot learn too early the necessity 
for relating the facts of history to life, literature, art and science. 

The carrying out of such a scheme would occupy six or seven hours of a 
school week, including an ordinary English history lesson. It is also presupposes 
two “home lessons.” I do not know what the opinion of schoolrnasters and 
mistresses will be about such a demand; but I cannot think that parents or 
guardians will grudge the time taken firom Latin grammar and translation, even 
supposing it is necessary to take any time. If one or two hours are taken it 
may be pointed out that classical history has a considerable part in the suggested 
scheme of teaching, and this, in a form by which many a boy and girl will 
profit who are never likely to read Greek or Latin with fluency. 

It is impossible to over-emphasise the importance of preserving the essa>b, 
crude and unhistorical as they may seem in the junior forms. Efforts of this kind 
gain greatly in significance when twenty or thirty are bound together. This will 
be seen when the scheme of general history is treated a second and a third time 
in following years, and the student’s task is to rewrite the essay or pen another 
supplementing the eflfort of an earlier year. We do not sufficiently foster “the 
sweet pride of authorship ” latent in most children. 

Lastly, the illustration of the essays is no less important. The provision 
of suitable pictures will be troublesome to many teachers at first, but a very little 
experience will prove the value of the method. Visualisation is, perhaps, the first 
requirement in the study of history. A name should always bring to mind a lively 
impression of a person or place. An historical happening must never be regarded 
as an abstraction. The study of history is a spiritual adventure. Scholar and 
teacher alike must embark upon it in ihe mood of the sea-dogs, launching out 
into unknown seas, but confident in their power to reach the golden harbour 
at the last. 
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THE HATUBE OP HUlSatBEB, by Joshua C. Gregory, B.Sc., F.I.C. : 
on an Introduction to Mathematical Philosophy, by Bertrand 
Russell, [Pp. viii -f 208.] (London: George Allen & Unwin; New 
York: The Macmillan Co., 1919. Price 10s, 6d, net.) 

Thomas Hobbes reminded us that, in the opinion of Pythagoras, men are 
distinguished from other animals by their ability to number and use numbers. 
Since a writer can select from many distinctions between humans and animals, 
from wearing collars to puzzling over metaphysics, he intimates his own interests 
by the distinction he chooses. Pythagoras was desperately interested in numbers, 
and he made many other philosophers desperately interested in them also. The 
Pythagorean enthusiasm for numbers must have been very great and very 
catching for Xenocrates to define the soul as a “ number which moves itself.' 
Xenocrates did not mean that the soul is X-fold, or divisible by other numbers, 
or in any way specially numerical: he called the soul a number as a lover calls 
his beloved a rose. The beloved is as fragrant and as beautiful as a rose; for 
Xenocrates numbers were so mysterious and wonderful that the word “number” 
meant for him “the most e.xalted objects of knowledge,” and so appropriately 
denoted the soul. Aristotle perceived in this apparently absurd definition a 
legacy to Xenocrates from the ecstasy that led Mr. Bertrand Russell to remark, 
in his Introduction to Mathematical Philosophy^ that Pythagoras “ believed that 
not only mathematics, but everything else could be deduced from numbers.” 

This mysteriousness and significance of nmnbers, amounting to a sense of 
the ineffable in many mystics, has always haunted the human mind. The 
Pythagoreans developed the mystic qualities attached to numbers by primitive 
men, and systematised them into a philosophy and a religion. They discovered 
also a new source of astonishment and further mystic qualities in the more purely 
mathematical qualities of numbers. They observed, for example, that 10 is the 
sum of the first four integers, i+2 + 34 * 4 ’='io» and the tetraktys became a 
celebrated figure because it represented a pyramid with four balls • 
or dots as its base, three balls or dots as its second tier, two 
as its third tier, and one at its apex. This arrangement of dots • • • • 
long remained famous as a “figurate number,” representing a pattern after which 
many natural objects were made. The Pythagorean discovery that the note of a 
plucked wire alters with its length, so that different notes correspond to distances 
expressible by numbers, associated numbers with the magic of music and con¬ 
firmed their status as the most abstract and most exalted objects of knowledge. 
Number became a name to denote the inmost essences- of things, and we can 
understand, staggering though the idea may be to the modern mind, why a 
fundamental Pythagorean doctrine declared that all things were numbers. 

No renascence is only a renascence, just as believers in reincarnation regard 
the soul as in some sense remade at each birth: the early Greek preoccupation 
with numbers was no mere repetition of primitive thought. Primitives, says 
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Levy-Bruhl, do not distinguish cle^arly between the number and the numbered 
object. Numbers excited the Pythagorean woild paitly because they were 
distinguished as independent objects of thought and observed to enter into 
striking mathematical relations. But the old feeling that numbers are remarkable 
because they belong to, or are confounded with, remarkable things continued to 
pervade the Greek mind. Almost every small number has been regarded as 
mystical and peculiarly sacred by some people. Different numbers, remarks 
Ldvy-Bruhl, have supreme mystical quality among different peoples. The number 
seven was charged with significance for the Babylonian and the Hebrew, probably 
becauses the phases of the moon divide time into periods of seven days. Seven 
has not yet lost its mystical import, for modem Theosophy divided the universe 
into seven planes and each plane into seven grades. 

Numbers probably, in part at any rate, first excited the human mind because 
they were one of its mental conquests. Man was not born with a sense of 
number. The Pythagorean definition of man as the numbering animal would 
probably exclude from the class of men all those “ missing links ” that modern 
anthropology has discovered. The ability to count is exceedingly defective 
among most primitive peoples: the savages who can count at all are often unable 
to proceed beyond five, and frequently stop at two or three. Very often they 
reckon by comparing objects with their fingers, and this method may be devoid 
of any real ability to number in the real sense of the word. Primitive feebleness 
in reckoning by numbers was known long before the modem science of anthro¬ 
pology. “The Tououpinambos,” writes Locke, “had no names for numbers 
beyond five; any number beyond that they made out by showing their fingers, 
and the fingers of those who were present.” The art of numbering, when it was 
attained, probably brought a sense of mastery that was one of the first sources of 
the excitement produced by numbers. Numbering or counting is one mode 
of mental mastery. The most primitive men probably knew whether all the 
members of their group were present by realising whether particular individuals 
were missing or not, as a dog probably knows that the tale of sheep is complete. 
When men learned to count their fish or their head of game or their cattle or 
the members of their tribe they simplified enormously their control over their 
collections. This sense of control is perhaps reflected in the primitive fear of 
being counted. The Bakonga believe, according to Weeks, that evil spirits will 
snatch away a woman’^ children if she deliberately counts them; the people 
dislike being counted, and fear a census. Census superstitions are constantly 
encountered in the life and records of peoples. The familiar story of the pestilence 
sent by Jehovah upon the Hebrews when they were numbered by King David 
doubtless originated in the belief that it was dangerous to be counted. 
Numbering was a source of power for man over his collections, enabling him to 
check their items without the labour of identifying each separately; demons 
obtained similar powers if numbers became known to them. There was probably 
a sense of identity between a number and the individuals or objects it denoted— 
a notion tjiat because a number denoted a certain gioup of individuals it gave a 
grip over them. The number does give a mental grip which seems to have been 
confounded, in true primitive fashion, with power of a more concrete kind. 
Through this sense of identity numbers participated in the qualities of the objects 
they denoted. The four cardinal points made the number four significant. A 
mystic quality attached to the number six when the zenith and the nadir were 
collected into a group with the four primary points of the compass. The seven 
days of fhe week made seven a magic numl^r. Thus the way was prepared for 
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Pythagoreanism to combine the more purely mathematical properties of numbers 
with their mystical inheritance from the past and declare that all things are 
numbers. 

Locke, in his chapter on number, drops a hint at another reason why number 
was so prominent in early speculation. “Amongst all the ideas we have, as there 
is none suggested to the mind by more ways, so there is none more simple than 
that of unity, or one. It has no shadow of variety of composition in it; every 
object our senses are employed about, every idea in our understandings, every 
thought of our minds, brings this idea along with it: and therefore it is the most 
intimate to our thoughts, as well as it is, in its agreement to all other things, the 
most universal idea we have. For number applies itself to men, angels, actions, 
thoughts—everything that either doth exist or can be imagined.” 

The subsidence of the first mental excitement roused by the discovery of 
numbers and their properties has left a problem for solution. The most familiar 
and universal concepts are the most mysterious. What is time or space or 
causation ? St. Augustine said that he knew what time was so long as he was not 
asked. We know what number is so long as no one asks us or we do not ask 
ourselves. Is number a property of the objects to which it is attached ? Locke 
apparently thought that it is, for he includes it among the “ original or primary 
qualities . . . such as are utterly inseparable from the body, in what state soever 
it be. . . The particular number “ of the parts of fire or snow are in them,'' 
he adds, “whether any one's senses perceive them or no.” If number is really a 
property of objects it seems to be a peculiarly sliding property. A group of six 
stones may be thought of as six individuals or as one heap. Number is a 
collective property if it be one at all. Each member of the class of red objects is 
red, but each member of a group of six is not six. A body may be in the classes 
of round objects, of wooden objects, of blue objects, and of manufactured objects, 
because it has the characteristic property of each class. Any object can be 
included in any collection denoted by any number, and apparently it can be so 
included because it has none of these numbers itselfi Since any collection can be 
regarded as one or many, it is tempting to suppose that number is a purely mental 
thing. Some deference certainly seems due to the objects, for a group of five 
stones must be regarded as either one or five, but number appears to be some¬ 
thing to which the objects dispose the mind rather than a quality possessed by 
them. Number has been described as strokes of attention—a definition that 
transfers it from external to mental existence. Is number, then, a mental entity ?r 

“ The question, ‘ What is number ?' is one which has often been asked,” writes 
Bertrand Russell in his recent Introduction to Mathematical Philosophy^ “but 
has only been correctly answered in our own time. The answer was given by 
Frege in 1884, in his Grundlagen der Arithfnetik, Although this book is quite 
short, not difficult, and of the very highest importance, it attracted almost no 
attention, and the definition of number which it contains remained practically 
unknown until it was rediscovered by the present author in 1901.” Towards the 
end of the chapter he condenses this discovery into definitions running as follows: 
“ The number of a class is the class of all those classes that are similar to it,” and 
“A number is anything which is the number of some class.” Many may feel 
inclined to leave Mr, Russell in peace with his definitions, to continue to count 
their money without peering into the inward mystery of numbers, and to wait 
for something simpler to remove Iheir metaphysical itch. A little patience will, 
however, dispel the apparent portentousness of this revelation of the nature of 
number, even if it be decided that the whole mystery has not been disclosed in it* 
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There is also an interest in combining with the discussion of these definitions an 
attempt to understand how the notion of number arose. Mr. Russell does not 
deal directly with the origin of numbers; but, though his immediate concern is 
with logical definition, his discussion has obvious points of contact with the mental 
route that led men to conceive and employ numbers. It will, therefore, be 
convenient and profitable to begin with Francis Cfulton’s description of the 
Damara who was bartering slicks of tobacco for sheep. 

The rale of exchange was two sticks of tobacco for each sheep. A sheep was 
driven out and two sticks of tobacco laid down ; then a second sheep was sent to 
join the first, a third to join them, and so on. Two sticks were tendered in payment 
as each sheep joined the group. In the phraseology of Bertrand Russell and his 
confreres, the Damara established a one-one relation between a collection of sheep 
and a collection of sticks of tobacco in which two sticks composed one item: to each 
sheep two sticks corresponded. Counting would have been quicker, but would 
have arrived at the same result that the bargain had been rightly concluded. 
“In'actual fact,” writes Mr. Russell, "It is simpler logically to find out whether 
two collections have the same number of terms than it is to define what that 
number is. An illustration will make this clear. If there were no polygamy or 
polyandry in the world, it is clear that the number of husbands living at any 
moment would be exactly the same as the number of wives. We do not need a 
census to assure us of this. . , . The relation of husband to wife is what is 
called one-one.” The Damara’s method of bargaining, with its plentiful parallels 
in primitive trading, shows that it is not only "simpler logically,” but more obvious 
in practice to realise that two collections have the same number of terms than to 
assign a number to the collection, or realise that there are such things as numbers. 
The Damara takes us one step into the tail of Mr. Russell’s first definition by 
introducing to us the conception of similar classes. There was a one-one relation 
between the sheep and the tobacco-stick couples: every sheep was correlated 
with one pair and every pair with one sheep. "Two classes are said to be 
‘ similar ’ when there is a one-one relation which correlates the terms of one class 
each with one term of the other class.” Under perfect monogamy husbands and 
wives are similar classes, and so were the sheep bought by the Damara and the 
pairs of slicks of tobacco he paid for them. This similarity of classes is a wider 
i.onception than number, for it can be used without numbering or without the 
ability to numbei*. It is albo more fundamental than number, for it is easily 
perceived that, in counting a collection, a one-one relation is established between 

the items and the numbers i, 2, 3, 4. n. If the Damara had counted his 

sheep and his sticks of tobacco he would still have been busy with one-one 
relations and similar classes. For simplification of study, suppose him to halve his 
collection of tobacco sticks by making each pair into one : one stick is now the 
price of one sheep. By counting ten sheep he establishes similarity between 
the collection and the numbers i to 10; by counting ten sticks of 1 tobacco he 
establishes similarity between the same set of numbers and the tobacco collection. 
Since the sheep collection and the tobacco collection are similar to the same 
collection of numbers they are similar to one another, and the Damara knows, or 
would know if he could count, that his bargain has been rightly concluded. Thus, 
numbering appears to be essentially an extension of the more fundamental 
similarity of classes, and numbers to be a vast collection from which standard 
classes can be selected to place in relations of similarity with other classes. 

There was, it is reasonable to suppose, a process of transition between the 
method of the Damara and the use of numbers proper. Digital enumeration, if 
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the phrase be allowed, probably contained the real germ of number. The notion 
and use of numbers so short-circuits mental method that their actual function 
and nature are obscured. This concealment of the nature and function of numbers 
beneath their effectiveness is one reason why Bertrand RusselVs definition seems, 
at first sight, so cumbersome and so elaborate. An attempt to follow the genesis 
of the notion and use of numbers enables us to appreciate the definition by a 
better understanding of what number really is. Digital enumeration is not 
necessarily counting, and was not counting, in our sense, when it was first used. 
A class or collection of fingers was observed to be similar to two other classes 
which were then known to be similar to one another. If three fingers corre¬ 
sponded, one by one, to three turnips, and also to three apples, there were as 
many apples as turnips. We incline to consider this process to be one of 
numbering because our understanding of the nature of number is confused by our 
tendency, natural but erroneous, to think of numbers as properties of the col¬ 
lections or classes they denote: Locke fell headlong into this error when he 
described numbers as qualities inseparable from bodies. The natural numbers 

2,3,. . . ., compose a vast collection from which classes can be selected related 
by similarity to classes that are numbered; a collection of five apples is similar to 
the collection i, 2, 3, 4, 5, since there is a one-one relation between the members 
of the two classes. The number five, used to designate the group of apples, 
expresses this relation. All classes of five are denoted by this number, be they 
pennies or cauliflowers or miscellaneous objects, because their items stand in a 
one-one relation to the numbers from one to five. Five is not the class of turnips, 
or of whatever items it contains, nor is it a property of that class; it is a class, the 
class containing the numbers i to 5, to which the class of turnips, or whatever 
items it contains, is similar, or to which it stands in a one-one relation. All 
collections of five objects are in a common class because they are all similar to 
the class i, 2, 3, 4, 5, a common class that may be defined by the common 
property of similarity to the first five natural numbers. Similarly, all classes of N 

objects form a common class because they are similar to the class i, 2,3,.N. 

A number, then, is a standard class, whatever its inmost metaphysical nature may 
be, and it is used to denote classes that are similar to it. Also numbers are 
permanent classes, permanent standards: this is one reason why the three fingers 
used to compare the three apples with the three turnips do not, in the first 
instance, constitute a number. 

Digital groupings—three fingers, or sbc fingers, and so on—^were at first 
temporary numbers, so to speak; they gave rise to real or permanent numbers 
when they were themselves recognised as examples of those puzzling entities. 
Familiarity gradually detached particular groupings of fingers, those of three and 
four for example, from the classes of threes and fours, as standards of reference. 
The ideas of three and four proceeded from the continuation of this process as the 
finger groupings became signs of what we call numbers—collections to which the 
finger groupings were themselves similar. Stones, sticks, etc., might be used as 
supplemental fingers, or instead of them. By the use of written signs and by the 
use of names, numbers were firmly established as concepts. One by one the 
lower numbers settled into the human conceptual system and provided the basis 
for the formation of the arithmetical series that contains an unlimited supply of 
numbers. 

^ The vertical strokes still retained in the Roman Numerals are a remnant of 
the earliest form of numeration—one stroke for one, two strokes for two, etc. The 
stroke notation may represent the primary digital enumeration—strokes repre- 

10 
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senting fingers. These original signs display the relation of similarity, the 
one-one correspondence between members of groups, that underlies all numbers 
and numbering. The appearance of signs, including wiiltt^n syinboh and words, 
that contained no explicit reference to one-one relations, mritked the estabhshmicnt 
of numbers as mental concepts when, as an abstraction, five, six, etc., could be 
thought of as numbers only, without reference to sheep or other objects. All 
particular numbers were finally conceived under the general concept of number. 
This rough outline will be recognised as a logicised version of the development of 
the notion of number; but, though schematic, it may possibly be accepted as a 
reasonable account. 

Number still remains a myster}^ as, in the last lesoit, .ill things remain 
mysterious, Mr. Russell speaks of any number, such as the number 2, as 

metaphysical entity about which we can never teel sure th.it we have tracked 
it down.” The preceding enquiry seems to lead to a definition of the number of 
a class as a standard class to which the numbered class is similar. A cluster 
of cherries is numbered six if the number six is the sland.wd class to which the 
cluster is similar. Peano’s definition of number as the common property of 
similar classes seems to adopt a cognate point of view. The common property 
of collections of six cherries, six apples, etc,, is their similarity, their onc-one 
relation to the group of the first six natural numbers. It seems to be in con¬ 
formity with our mental habit, and with the order of development of this habit, to 
regard six as a single entity to which all classes numbered six are similar, seven 
as an entity to which all classes of seven are similar, and so on. Mr, RussclFs 
definition of the number of a class as ‘‘the class of all those classes that ate 
similar to it,” appears to obscure the standard of reference contained in number. 
It seems to reduce any number to the simple status of one of the collections 
similar to the numbered collection. Thus, six cherries, six elephants, and the 
number six would be co-equal members of the class of sixes. If this be so it is 
difficult to understand why we can speak of six elephants and not of elephant 
sixes or of cherry elephants. The adjectival function of the number six that 
permits its predication of the cherries, of the elephants, and of all other collections 
of six seems to entitle it to the more prominent position accorded to it when it is 
defined as a standard class. 

The general definition of number as “anything which is the number of some 
class” is independent of the definition preferred for particular numbers. 


AGBICXTX^TtrBAL ECOKOIKIIXCS m mtQlMAiail} AKD BXSK- 
3UCABKI, by Walter Stiles, M.A. : on 
(r) Agnoulture in Oxfordshire, a Survey made on Behalf of the Institute 
for Research in Agricultural Economics, by John Orr, with a 
Chapter on Soils by C. G. T. Morison. (Pp. xii + 239,] (Oxford: 
at the Clarendon Press, 1916. Price 8r. 6 d. net.) 

(2) Co-operation in Danish Agiicnlture, by Harold Faber, an English 
Adaptation of A?idelsbev(Bgelsen i Danmark^ by H. Hertel, with a 
Foreword by E. J. Russell, D.Sc., F.R,S. [Pp. xxii + 176.J 
{London : Longmans, Green & Co., 1918. Price Ss, 6d, net.) 

Agriculture in Oxfordshire is the first of a series of monographs on Agriculture 
in England which the Institute for Research in Agricultural Economics in Oxford 
proposes to issue. This intention to make a formal economic survey of English 
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agr^c^alture could scarcely have come al a more opportune time, and this is even 
more the case than it was when the scheme was initiated some little time before 
the outbreak of war in 1914. Even then agriculture, after half a century of 
indifference and neglect at the hands of most Englishmen, had become a matter 
of interest to others besides those engaged in it; but now, after the experiences 
of war, the realisation of the extremely vital importance of the agricultural in¬ 
dustry has been brought home to every one. The first results of the proposed 
survey of English Agriculture are therefore of far more than specialised or local 
interest. Mr. Faber’s work, as its title implies, deals especially with the history 
and development of the co-operative movement in Danish Agriculture. It is thus 
written from a different point of view from Mr. Orr’s Agricidiiere in Oxfordshire^ 
yet both books give clear pictures of the present position of agriculture in the 
regions with which they deal. 

In his first five chapters Mr. Orr surveys the agriculture of Oxfordshire in five 
sections, these being based as nearly as possible on the natural divisions. By 
visiting as many landowners, agents and farmers as possible the material was 
collected which enabled the author to describe the various styles of farming, the 
crops and stock, and any special developments in diffeient departments of 
agriculture, such as market gardening, potato-growing, and especially dairying. 
For each section of the county questions of transport, housing, and other matters 
are discussed. 

The most interesting part of Mr. Orris work is that which follows the de¬ 
scriptive survey, and deals with the more general questions of land-tenure and the 
relationship of landowner to farmer, and of farmer to labourer, and with the 
administration and management of land. It is also this part of the work which 
affords a most interesting and important comparison with the Danish conditions 
described in Mr, Faber’s book. 

To appreciate the position, it is necessary to recall in outline the general trend 
of agricultural history in the last century. 

After the system of joint tenure of land was brought to an end by the 
wholesale enclosures at the end of the eighteenth century, the principal feature of 
agriculture, both in England and Denmaik, was increasing production of com 
brought about by increasing the coin-growing area and improving the yield on 
the same area. Corn-growing was combined with the keeping of cattle, but the 
latter was quite subsidiary to the growing of crops, the cattle being badly fed, 
especially during the winter. However, to get the best results from the system, it 
was found necessary to keep more livestock and feed it more liberally. ‘‘A 
considerable difference in the corn crops,” says Mr. Faber, *‘was observed 
between the ordinary farms and the better managed estates where the im¬ 
poverishment of the soil was compensated by the greater quantities of more 
valuable farmyard manure resulting from keeping more stock and feeding them 
more liberally.” Hence, it came about that both in England and Denmark a 
system of corn-growing combined with the keeping of livestock was evolved. 
But there was this important difference between the English and Danish systems: 
in England cattle were kept chiefly for meat production, in Denmark for dairy 
produce. 

This change in agricultural practice came about in the decade 1860-70— 
that is, just before the period of agricultural depression which set in during the 
seventies. Owing to development in means of transport corn was brought from 
America, India, and Australia, and flooded the European markets, and com was 
soon followed by animal produce. The resulting competition was felt in all 
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European countries, and particularly in England. A table given by Mr, Orr on 
p, 97 of Agriculture in Oxfordshire indicates the resulting depression very clearly, 
and shows how the rent of the same estate fell gradually from £S,^S3 in 1876-7 to 
£4,^92 in 1902, in spite of a slight addition in area during the interval. During 
the succeding ten years the rent rose slightly to £$,34^ in 1912. The depression 
was not nearly so great in Denmark as in England. “ English agriculture,” says 
Dr. Russell, “ suffered a terrible set-back, and did not begin to recover until about 
1896. Danish agriculture, on the other hand, was able not only to weather the 
storm, but even to make headway all the time.” 

The wisdom of the Danish choice in developing dairying is now obvious, but 
it seems certain that the great difference to-day between the position of English 
and Danish agriculture is not to be attributed wholly to the choice made in the 
sixties. There are two other factors which must have played a great part, in one 
way or another, in determining the course of events. These factors are no doubt 
not independent of the first nor of one another. One of them is the system of 
land tenure, the other is co-operation. 

Although in 1910 it seemed that a start had been made at a break-up in this 
country of the large estates, yet even now, as all through the last century, 
the system of land tenure is essentially that of the landlord-tenant system, in 
which the fanner who works the land very generally holds the land on a yearly 
tenancy. Mr. Orr apparently likes to regard this system as a partnership in 
which the two partners, landlord and tenant, both have well-defined duties and 
responsibilities, and in which they each invest a certain amount of capital. Our 
author states that Oxfordshire farmers approve of the system, the advantage of it 
being that fluctuations which afiecl the former's position are not so wide and 
violent as if he owned the land. On the other hand, the system has many dis¬ 
advantages, which Mr. Orr sets out, such as the failure of landlords to co-operate 
closely enough in particular schemes, and the inconstancy of the landlord's desire 
to make money out of the concern, resulting sometimes in very erratic policy, such 
as an alternation of benevolence and harshness in the matter of rent, which is 
very unsound economically. Most people will probably agree with the remarks 
of Mr. Price, quoted on p. 148 of Agriculture in Oxfordshire^ “ I am not sure that 
the conception of the partnership between landlord and tenant is not carried 
beyond the limitations of the actual work-a-day world.” 

That the system, as it is worked at present, is not at all ideal is suificiently 
indicated by the following quotations from Mr. Orr: “ What are regarded as 
defects in soil and climate frequently cause loss and disappointment, but if the 
men engaged in developing the different branches of the industry were to fill their 
parts more fully, and were to stand by each other, these physical difficulties 
could be made less formidable.” “Thus landlords are not and cannot be present 
on their estates as they once were. It is, perhaps, not too much to say that they 
will never be present again with the same intensity of interest which they once 
displayed.” “ It [agriculture] has suffered by the loss of the landlords' interest.” 
“This process removal of the landlord's interest] has gone so far that 
agriculture has been left relatively, at least, in a looser and less organised state 
than before,” 

The system of tenure in Denmark is very different From tables given by 
Mr. Faber it appears that in 1873 less than 81’i per cent of agricultural 
holdmgs were held freehold, while in 1905 the number had increased to 89*9 per 
cent, covering ab9Ut 7*8 million acres, the remaining leasehold and 'tenancy 
holdmgs occupying less than a quarter million acres. 
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Relatively very few of these holdings exceed 147 acres, and under such 
circumstances the wonderful co-operation which is such a feature of Danish 
agriculture was almost certainly necessary for success. The story of this 
co-operation is admirably told by Mr. Faber from the formation of the first 
co-operative dairies in 1875 and 1882, in which the principles of co-operation 
introduced by the Rochdale weavers were developed with such success that larger 
farmers and estate owners have now mostly joined in the co-operative systems 
initiated by the small praprietors. From dairies co-operation has spread to 
egg export and butter export, cattle-breeding, banking, and other activities. 
Mr. Faber’s account shows clearly how this high development of co-operation 
has played a vital part in the attainment by agriculture in Denmark of its 
present degree of pro.->perity. 

Whether co-opciation can play so leading a part in improving English 
agriculture is a question which neither of our authors attempts to answer. 

The review of agriculture in Oxfordshire given by Mr. Orf is distinctly hopeful, 
though nothing to excite national pride. Mr. Orr concludes that inferior farm 
management is largely due to insufficient capital on the part of the farmer, lack of 
co-operation, inadequate education, neglect of economics. However this may be, 
it is certain that much more can be done in English agriculture. For instance, 
the two books before us give some interesting statistics in regard to yield of 
different crops. Thus, in Denmark in the decade 1875-84, the average annual 
yield of wheat was 30*9 bushels per acre ; in 1909-13 it had risen to 43‘i bushels 
per acre. In Oxfordshire for the decade 1904-13 the annual yield was 31*15 
bushels per acre, and for the whole of England and Wales 31*54. Such figures 
speak for themselves. 

It is impossible to speak too highly of the production of Agriculture in 
Oxfordshire^ with its maps and excellent illustrations. By way of criticism, one 
cannot help feeling, rightly or vrongly, that the author is too cautious in ex¬ 
pressing opinions which he must have fonned on many matters in the course 
of his survey. The index might be considerably improved. Perhaps more 
statistical matter could have been introduced with advantage. In Co-operation 
in Danish Agriculture the misspelling in nearly every case of all words con¬ 
taining the Danish letter “ae” for which the diphthong “ce” is substituted, is 
irritating, as is also the misspelling of both “by-law” and its Danish equiva¬ 
lent “ Bylov.” In the opinion of the reviewer the citations used as mottoes on 
pages ii, i, and 23 are decidedly commonplace for the purpose for which they 
are used, and the book would be better without them. 
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A Treatise on G-yrostatics and Rotational Motion: Theory and Applications. 
By Andrew Gray, F.R.S., Professor of Natural Philosophy in the Univer¬ 
sity of Glasgow. [Pp. XX + 530.] (London : Macmillan 8 c Co., Ltd., 1918. 
Price 42^. net.) 

Especially in recent years, the theory and applications of gyrostatic action have 
occupied the minds of many people. This is due, to a large extent, to the import¬ 
ance of inventions depending on gyrostatic principles, such as torpedoes, which is 
even greater in the time of war than in times of peace. This very thorough and 
systematic treatise, which is very finely produced by the publishers, is of great 
value both to students and to would-be inventors. There is much about this book 
that will be very attractive to those who have tendencies opposed to the traditional 
“ academic ” ideals. The aim of the present work is “ to refer, as far as possible, 
each gyrostatic problem directly to first principles, and to derive the solutions by 
steps which could be interpreted at every stage of progress (p. v). 

After an introductory account of many striking gyrostatic phenomena, the 
chapters (II-XXIII) deal in succession with dynamical principles ; elementary 
discussion of gyrostatic action; systems of co-ordinates and their relations, and 
space-cone ” and “ body-cone ”; the simpler theory of tops and gyrostats; 
further discussion of the rise and fall of a top when the precession is not zero; 
gyrostats and various physical applications of gyrostats; vibrating systems of 
gyrostats, and suggestions of gyrostatic explanation of properties of matter; the 
motion of chains of gyrostatic links, and magneto-optic rotation; the earth as a 
top, precession and rotation, and gyrostatic theory of the motion of the nodes of 
the moon’s orbit; the free precession of the earth : further discussion; calculation 
of the path of the axis of a top by elliptic integrals; liquid gyrostats, and mis¬ 
cellaneous investigations (such as the motion of a projectile); effects of air-friction 
and pressure, and boomerangs ; the spherical pendulum, and motion of a particle 
on a surface of revolution; dynamics of a moving frame containing a fly-wheel; 
motion of an unsymmetrical top; the rising of a symmetrical top supported on a 
horizontal surface ; general dynamics of gyrostatic and cyclic systems ; theory of 
gyrostatic domination; geometrical representation of the motion of a top; analogy 
between a bent rod and the motion of a top, and the whirling of shafts, chains, 
etc.; and examples of gyrostatic action and rotational motion. 

Of the book we may say, in general, that, like very many other books published 
in this country, vector iWdos and traditional co-ordinate methods are used (cf., for 
example, p. 408). “ As a rule the method employed has been one of calculating 
rates of growth of angular momentum for different axes, which amounts to a 
reduction to practice of vector ideas, and which I devised nearly twenty years ago 
for use in my own teaching and dynamical work” (p. vi). It seems rather a pity 
that the extraordinary simplification introduced by Grassmann’s methods should 
be ignored. Also, when discussing non-holonomous systems in Chapter XIV, it 
is unfortunate that no notice should have been taken (as there might have been on 
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p. 414) of AppelPs equations or the fact that Gauss’s principle of least constraint 
leads to these equations, which are more general than Lagrange’s equations in 
that they apply to non-holonomous systems. Ferrers’s generalisation of Lagrange’s 
equations is given (p. 412), but Ferrers’s name is not mentioned. 

Philip E. B. Jourdain. 

An Introduction to the Algebra of Ctuantics. By Edwin Bailey Elliott, 
M.A., F.R.S., Waynflete Professor of Pure Mathematics, and Fellow of 
Magdalen College, Oxford. Second Edition. [Pp. xvi + 416.] (Oxford: 
Clarendon Press, 1913. Price 15^-. net.] 

This well-known, lucid, and well-written book has two objects : the first is didactic, 
and the second is to help the investigator in his researches. The second object is 
intended to be fulfilled especially by the chapters near the middle of the book 
(p. v). The first edition was published in 1895, and both the first and this edition 
are characterised by the use of methods which are distinctively English. Very 
little attention has been given to the symbolical methods of Aronhold, Clebsch, 
Gordan, and others; and, now that an introduction to these methods has been 
published in English in Grace and Young’s Algebra of Invariants^ this omission is 
certainly excusable (pp. vi, viii). Thus Gordan’s own proof that the number of 
irreducible invariants of a binary ^-ic is finite for any value of p is not given. 
The proofs given are those due to Hilbert (p. 183). 

The sixteen chapters deal respectively with principles and^direct methods; 
essential qualities of invariants; essential of covariants; cogredient and contra- 
gredient quantities; binary quantics; invariants and covariants as functions of 
differences; annihilators and seminvariants; further theory of the annihilators and 
reciprocity; generating functions; Hilbert’s proofs of Gordan’s theorem; proto- 
morphs, and so on; further theory of seminvariants and the binary quantic of 
infinite order; canonical forms, etc,; invariants and covariants of the binary 
quantic and sextic; several binary quantics; binary quantics in Cartesian geometry 
and restricted substitutions; and ternary quantics and the quadratic and cubic. 

The theory discussed in this book cannot, in spite of Sylvester’s extravagant 
claims for the almost universal character of the theory of algebraic invariants, be 
regarded as more than a very small part of algebra. It seems that writers should 
point this out, for students are little apt for independence of thought. The 
apparent importance of what is treated in such books as the present one and a 
well-known work of Salmon is largely due to historical circumstances. It is, 
therefore, particularly unfortunate that history is usually suppressed in them. 
Thus Boole very early discovered (cf. p. 344) an interesting invariant for restricted 
substitutions. In textbook order such invariants arc treated at a fairly late stage, 
and yet they contain the germ of rational views on the scope of invariant algebra 
as a whole. Philip E. B. Jourdain. 

Integral Calcnlns. By H. B. Phillips, Ph.D., Assistant Professor of Mathe¬ 
matics in the Massachusetts Institute of Technology. [Pp. vi + 194.] 
(New York: John Wiley & Sons; London; Chapman & Hall, 1917. 
Price $1.25, or 6.r. net.) 

Dr. Phillips’s preliminary volume on the Bijferential Calculus has already been 
reviewed in SCIENCE PROGRESS (1917, 12, 343), and both that volume and the 
present one can be had bound up together &om the same publishers ($2, or 9^. 6^. 
net), Throughout tl^is course," says the author (p. iii), “ I have endeavoured to 
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encourage individual work, and to this end have presented the detailed methods 
and formulas rather as suggestions than as rules necessarily to be followed.” 
This book is very simply written, and is, on the whole, a far better book than the 
same author’s Di^erential Calculus, The examples and both geometrical and 
physical applications are very good and numerous. Beginning in the traditional 
way by defining integration as the inverse of differentiation, and hence developing 
the usual formulae and methods, definite integrals are then introduced as limits of 
sums. Then come various geometrical and physical applications, a treatment 
of approximate methods, and chapters on double and triple integration. The last 
chapter is on differential equations, and it is both pleasant and interesting to see 
differential equations treated in a textbook on the integral calculus—^where they 
used to be treated and where it seems that they still should be treated. The rest 
of the book is made up by supplementary exercises, answers, tables of integrals 
and natural logarithms, and an index. A very useful book, especially for those 
who are going to devote their attention to applied mathematics. 

, Philip E. B. Jourdain. 

Solid Geometry: Including the Mensuration of Surfaces and Solids. By R. S. 
Heath, M.A., D.Sc., Professor of Mathematics and Vice-Principal of the 
University of Birmingham. [Fourth Edition. Pp. iv -h 123.] (London; 
Rivingtons, 1919. Price 4s.) 

Some of the propositions m that part of this useful little work which is devoted to 
lines and planes in space and polyhedra are some of the propositions of the 
eleventh and twelfth Books of Euclid which are rearranged and given abbreviated 
proofs. Besides other propositions, Dr. Heath has added a large number of 
exercises and a chapter on spherical triangles and mensuration of the sphere, 
cylinder, cone, and polyhedra—" particularly the very general formula known as 
Simpson’s Rule” (pp. iii, 64U:, 104^). Also there is (p. 71) Euler’s relation between 
the number of faces, vertices, and edges of any polyhedron. It may be remarked 
that the author refers back by name to propositions of Euclid even when they are 
reprodilced in a shortened form in this book; thus, on p.22 he refers to Euclid XI. 
10, whereas it would be more convenient for a reader to refer to the version ol 
this proposition on p. 15, 

In the preface to the fourth edition the author refers to the great importance of 
solid geometry in the training of surveyors as well as of students of mathematics. 
It may perhaps be pointed out that an introduction to the study of the regular 
polyhddra, such as is given on pp. 30, 65-70, seems to be of the greatest import¬ 
ance in teaching the elements of geometry. It was, perhaps, chiefly the study of 
polyhedra that brought about the birth of geometry, and that subject shows at 
once the power that geometry has of adding to a student’s knowledge of space. 
It may be mentioned that Desargues’s name is not " Desargue” (p. 107). 

Philip E. B, Jourdain. 

A First Course in the Calculus. Part I: " Powers of :r.” By William P. 
Milne, M.A., D.Sc., Mathematical Master, Clifton College, Bristol; 
formerly Examiner in Mathematics, University of St. Andrews j late 
Scholar of Clare College, Cambridge; and G. J. B. Westcott, M.A., Head 
of the Department of Mathematics and Physics, Bristol Grammar School j 
formerly Scholar of Queen’s College, Oxford, and University Mathematical 
Exhibitioner. [Pp. xx+i96.3 (LondPU: G. Bell & Sons, Ltd., 1918. 
Price 3^. 6d,y 
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This is the latest volume in “ BelPs Mathematical Series for Schools and Colleges/’ 
and in it “ no attempt whatever has been made to base the subject on the modem 
concept of Number and the Continuum ” (p. v) Surely nobody would doubt the 
wisdom of the authors on this point. Again: It is assumed that the student has 

drawn a considerable number of graphs dealing with statistical data, physical 
phenomena, etc., and that he has a clear-cut notion of what these curves are like 
as they present themselves in practical work ” (p. v). First comes an historical 
introduction in which the most novel part is the abundant credit given to Isaac 
Barrow in the history of the development of the infinitesimal calculus : of course 
this innovation is based on the striking results of the research of Mr. J. M. Child. 
The whole book is extremely simply written and forms a very easily grasped 
introduction to the calculus—though one might wish that the authors had not let 
the task of history cease with the provision of a few pages of biography. The 
principal features are the extensive use made of graphs on squared paper and the 
treatment of differential coefficients as rates of gradients (pp. i, lo, 17). It is 
to be noted that “ differential equations ” are spoken of (p. 78) even when they are 
of the form that leads only to the problems of the ordinary “ integral calculus.*’ It 
would, perhaps, have been advantageous from a student’s point of view if the 
character of the book were even more geometrical than it is: the example of 
Barrow’s work must have shown the authors how a systematic calculus might be 
written starting from the treatment of the problems of tangents and areas and then 
unfolding the discovery—which is the real gist of the whole matter—that these 
are inverse problems. On pp. 55-6 there is a rather unsatisfactory treatment of 
curvature: the formula is given, but it is remarked that its deduction requires too 
hard mathematics for the present stage of the student.” The book concludes with 
useful applications of the calculus to centres of gravity, moments of inertia, and 
centres of pressures; miscellaneous examples ; and an index. 

Philip E. B. Jourdain. 


ABTKOirOMT 

The Binary Stars, By Robert Grant Aitken, Astronomer in the Lick 

Observatory. [Pp. xii + 316, with 5 plates and 12 figures]. (New York: 

Douglas C. McMurtrie, 1918. Price $3.15 net.) 

This volume forms one of a series of Semi-centennial Publications issued by 
the University of California. The fact that it is written by one of the foremost of 
living double-star observers is a guarantee that the practical pomt of view has 
been kept throughout in the forefront and the volume will therefore be of special 
use to the practical double-star observer. It should also prove of great value in 
the astronomical library as a reference volume on questions connected with 
double stars. For this purpose the volume has not been spoilt, as so firequently 
happens, by insufficient indexing. The indexes are very thorough, and give 
references not only to names and subjects, but also to the star systems to which 
reference is made in the text. 

In the first two chapters the author gives an historical sketch of double-star 
observation, in which reference is made to all the important early literature. 
Chapter III deals with methods of observation, and includes a description of the 
double-star micrometer. Sections on the resolving power of a telescope, eye¬ 
pieces, diaphragms, etc. are included. The whole of this chapter should be care¬ 
fully studied by the embryo observer, as it is full of practical hints. Even the 
veteran may pick up some useful hints. Chapter IV deals with methods of 
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computing orbits for such systems as show orbital motion : a bibliography of the 
literature on the subject is added for the use of those desirous of pursuing the 
the matter further. Chapter V, on the “ Radial Velocity of a Star,” is written by 
Dr. J. H. Moore, again from practical experience, and deals with the determination 
of radial velocities with the aid of the spectroscope. In the following chapter the 
methods of computing the orbits of spectroscopic binaries arc explained. Both 
in this chapter and in Chapter IV numerical illustrations are included, so that the 
method used may be made clearer. In Chapter VII the much more difficult 
problem of determining the orbits of eclipsing binary stars is dealt with : the author 
has copied extensively from the writings of H. N. Russell and Harlow Shapley on 
this subject, and their treatment of it could not be bettered. In Chapter VIII are 
collected together the results derivable from the known orbits of visual and 
spectroscopic binary stars, which are summarised in two useful tables at the end of the 
book. The following chapter gives a fairly detailed account of the binary systems 
of more particular interest whose orbits have been well determined. In Chapter 
X is given a statistical study of the visual binary systems in the noithern sky. 
The information contained in this chapter and>Chapter VIII contain the data at 
present available which must form the basis of any discussion of the origin of 
binary systems; the various theories of their origin which have already been 
proposed are summarised in Chapter XL The mathematical treatment of this 
branch of the subject has been somewhat neglected in the past, though some 
important papers by J. H, Jeans have recently appeared and form a valuable 
contribution to it. 

Mr. Aitken is to be congratulated on a lucid, well-written book which is a 
valuable contribution to astronomical literature. 

H, S. J. 

A Treatise on the Sun's Radiation and other Solar Phenomena. By Frank 
H, Bigelow, M.A., L.H.D. [Pp. x + 385, with 44 figures.] (New York : 
John Wiley & Sons, Inc. 5 London: Chapman & Hall, Ltd. 1918. Price 
23^. net.) 

This volume is a continuation of the author’s meteorological Tieatise on Atmo¬ 
spheric Circulation and Radiation which was published in 1915. In that 'volume 
an attempt was made to work out a system of dynamics for the terrestrial atmo¬ 
sphere which should be capable of representing the observational data provided by 
balloon ascents. Owing to the circulation and radiation in the atmospheie, the 
assumption of static adiabatic conditions is naturally far from the truth, and Prof. 
Bigelow proceeded to derive a system of equations in which the specific heats 
and gas-constants were not assumed to remain constant. 

In the present volume an attempt on somewhat similar lines is made to explain 
the phenomena of the sun’s atmosphere. We do not propose to discuss in detail 
the amount of success attained by the author in attempting to explain the many 
solar phenomena brought under review. It is necessary, however, for the reader 
of the volume t:o bear in mind that the system of dynamics proposed by the author 
is not only revolutionary in character but is entirely without support from direct 
laboratory experiment. Its acceptance would’" involve the entire recasting of 
many of our physical ideas, and we doubt whether the author does not tacitly 
introduce more difficulties than he attempts to explain. Some of its consequences 
are the variabilities of the gas constant, of Planck’s quantum and of Avagadro’s 
Constant. It also requires the temperature at a given level in a gas mixture to be 
different for the different elements, in fundamental opposition to the kinetic 
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theory of gases. The reader will be prepared, therefore, to look with a critical eye 
at the conclusions arrived at by the author. 

Perhaps the point of chief interest attaches to the value of the Solar Constant 
of radiation. The careful observational data collected by the physicists of the 
Smithsonian Institute lead to a value for this constant of i *94 gm. calories per sq. 
cm. per minute. This value has not been universally accepted, and other 
physicists argue in favour of a value exactly double this, viz. 3*98 : they contend 
that a large proportion of the radiation is reflected or scattered in the outer layers 
of the earth’s atmosphere. Whilst the question cannot be regarded as definitely 
settled, the balance of evidence appears to be in favour of the smaller value. Prof. 
Bigelow claims to have established the validity of the larger value. Before we can 
accept his proof we should like to have some justification for his system of 
dynamics, which forms its basis. The same reason leads us to doubt his other 
conclusions. 

The compilation of this volume must have involved an enormous amount of 
work. The author has collected a large mass of data and made lengthy series of 
computations. The determination of variable constants to several decimal places 
from ordinary observational data is, however, but labour lost. The whole volume 
leaves one with the impression of a massive edifice built without any foundation. 

H. S. J. 

The Australian Environment (espeeially as Controlled by Rainfall). By 
Griffith Taylor, D.Sc., B.E., B.A., F.G.S., F.R.G.S., Physiographer 
in the Commonwealth Bureau of Meteorology. [Pp, 188, with 15 contour 
maps in colour, a solar-control model, and 167 other maps and diagrams.] 
(Commonwealth of Australia, Advisory Council of Science and Industry, 
Memoir No. i. Melbourne, 1918.) 

The sub-tide of this memoir is, “ A regional study of the topography, drainage, 
vegetation, and settlement; and of the character and origin of the rains,” and this 
sub-title adequately explains the purpose of the memoir. It is one of a series 
dealing with the climatic control of settlement in Australia, and follows logically 
upon an earlier memoir in which the effects of temperature and humidity on 
settlement were investigated, in an attempt to decide which portions of the 
continent were most suitable for white settlement. 

The climate of Australia is peculiarly suitable for study in this manner. This 
is due to the fact that Australia oifers the widest stretch of low and level land in 
the world, which is affected by the trade wind. This results in many phenomena, 
such as seasonal rainfall, being presented in their least complex form. Thus, 
the relationship between the motion of the sun in declination and the seasonal 
variation in rainfall is remarkably close : it has been illustrated by the author by 
means of an ingenious solar-control model. In this way he links up the rainfall 
areas, pressures, storm systems, and permanent winds. 

Other subjects discussed, which are of particular importance to the agricultural 
settler, are rainfall “reliability” and rainfall “uniformity.” A place with high 
rainfall reliability is one in which the percentage variation in any year of the total 
ainfall from its mean value is small; a place with a high rainfall uniformity is one 
in which the amount of rainfall is well distributed throughout the year. In some 
parts of Australia the rainfalls are very erratic from year to year and also from 
month to month. It is shown that, from this point of view, the Perth region is 
one of the most suitable for settlement. 
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The major portion of the memoir consists of detailed regional studies, the 
whole of Australia being divided into fifteen regions whose physiography is 
discussed with the aid of numerous maps and diagrams. In these studies such 
matters as topography, drainage, vegetation, rainfall distribution, health, economics, 
etc., are dealt with. 

The memoir forms an important contribution to our knowledge of the meteor¬ 
ology of Australia. Meteorology often consists merely in the endless compilation 
of statistics of one sort and another, which are put to little or no use. The studies 
of Australian climate, upon which Mr. Griffith Taylor is engaged, ensure that this 
will not be the case in Australia. 

H. S. J. 

A Star Atlas and Telescopic Handbook. By A. S. Norton, B.A. [Pp. 26, 
with 16 maps.] (London : Gall and Inglis, 1919. Price 8 s, 6d, net.) 

The appearance of a Second edition of Norton’s useful little star atlas is 
worthy of mention. The atlas contains 16 maps, opening in pairs. Successive 
sheets have a wide overlap, so that on one folio about one-fifth of the entire 
heavens is seen at once. Some 6,500 stars and 600 nebulae are shown for the 
epoch 1920, so that practically all the naked-eye stars are included. The new 
edition will form an excellent companion to the new edition of Webb’s Celestial 
Objects for Co7nmon Telescojbes. The opportunity has been taken to correct 
errors in the first edition: the introductory matter has been extended ; amongst 
the material added being an index to the sketch-map of the moon, notes on lunar 
formations, etc. The atlas will prove of great use to students and amateurs. 

H. S, J. 


PRTSZCS 

Mirrors, Prisms and Lenses. A Text-book of Geometrical Optics. By 
James P. C. Southall. [Pp. xix + 579, with 247 diagrams.] (New 
York; The Macmillan Company, 1918. Price lyr. net.) 

In the preface to this volume the author remarks that “ At present, geometrical 
optics would seem to be a kind of Cinderella in the curriculum of physics, regarded, 
perhaps, with a certain friendly toleration as a mathematical discipline not without 
value, but hardly permitted to take rank on equal terms with her sister branches 
of physics.” Although this remark was intended to apply to American colleges 
and universities, it was equally true, at least until quite recently, of this country. 
The war roused us to a realisation of the importance of the study of geometrical 
optics, and a department of Applied Optics was formed at the Imperial College of 
Science and Technology, with immediate success. The superiority of the optical 
designs of the German munitions of war over those of the British and French is 
attributable largely to the importance which the Germans have attached to this 
subject 

The appearance of a comparatively elementary text-book by such an authority 
as Prof. Southall is therefore very opportune. To a certain extent the volume is 
an abridgment of his well-known treatise on The Principles and Methods of 
Geometrical Optics^ with, however, the addition of a considerable mass of new 
matter, such as an account of the fundamental principles of ophthalmic lenses and 
prisms. This latter is to be welcomed; spectacle optics is now leaving behind 
empirical methods and becoming a scientific subject, and its inclusion in a 
scientific text-book will extend the appeal of the book to a wider circle of readers, 
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The contents of the volume do not call for detailed description: they have 
been selected with care, and the treatment has been adapted for those who have 
but little mathematical knowledge. A detailed account of the eye is included: the 
general theory of the symmetrical optical instrument is explained, and the theory 
of chromatic and spherical aberrations are briefly treated. An account is also 
also given of Von SeidePs formulae for the five spherical aberrations in the case of 
a system of infinitely thin lenses. An account of central collineation of object 
and image spaces has been wisely included. Numerous examples for the student 
to work are given at the end of each chapter. Attention should be drawn to the 
fact that figures 31 and 32 have been entirely omitted. 

The author is an experienced teacher, and we hope that the volume will succeed 
in stimulating interest in the study of geometrical optics, and form a ground-work 
from which the student can proceed to the study of more advanced treatises. 

H. S. J. 


CHEMISTBY 

A System of Physical Chemistry. By William C. McC. Lewis, M.A., D.Sc., 
Brunner Professor of Physical Chemistry in the University of Liverpool. 
(Textbooks of Physical Chemistry. Edited by Sir W. Ramsay.) (London : 
Longmans, Green & Co.) 

Vol. I, Kinetic Theory [Pp. xii -f- 494, with diagrams.] (London, 1918, 
Price I5.r. net.) 

Vol. II. Thermodynamics, [Pp. vi -f* 403, with diagrams.] (London, 1919. 
Price I5r. net.) 

Vol. III. Quantum Theory, [Pp. viii-f- 209, with diagrams, and 2 Appendices 
by James Rice, M.A., Lecturer in Physics in the University of Liverpool.] 
(London, 1919. Price ^s, 6d. net.) 

The first two-volume edition of this work was reviewed in these pages in January 
1917. The present edition differs chiefly in the addition of a third volume on the 
Quantum Theory. Vol. I now contains certain fresh chapters dealing with 
X-rays and Crystal Structure, the Colloidal State, Theories of Catalysis, Displace¬ 
ment Effect, the Mechanism of Surface Effects, and a brief discussion of Entropy; 
whilst in Vol. II space has been found for chapters on Osmotic Pressure, the 
Modem Theory of Dilute Solutions, and the Theory of Vegetable Tanning. 

Vol. Ill deals, of course, primarily with Planck’s Quantum Theory and the 
various researches and theories connected therewith, notably those of Einstein, 
Nernst, Lindemann, Bohr, and Moseley. 

There are three Appendices, of which the first two are by Mr. J. Rice, and are 
concerned respectively with “ Maxwell’s Distribution Law and the Principle of 
Equipartition of Energy” and ** Foundations of the Quantum Theory,” the third 
Appendix containing a summary of Kruger’s papers on the Theory of Gyroscopic 
Molecules. 

Whilst it is evidently desirable that English readers should have an authentic 
account of modem development in the field of subatomic phenomena and radio¬ 
activity and all which deals with that borderland of science lying between chemistry 
and physics, one is seriously tempted to inquire whether the third volume has not 
overstepped the limits of chemistry altogether, or, at most, whether it would not 
be more correct to include it in a System of Chemical Physics ”! 

Still, whichever way one chooses to take it, Prof Lewis’s fydo will doubtless find 
a large and appreciative audience of chemists and physicists even though the 
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latter may occupy most of the front seats for the performance of the third 
movement! F. A. Mason. 

Becent Advances in Physical and Inorganic Chemistry. By Alfred W. 
Stewart, D.Sc,, with an Introduction by (the late) Sir Willlvm Ramsay, 
K.C.B,, F.R.S. Third Edition. [Pp. xvi + 284, with 23 illustrations.] 
(London: Longmans, Green & Co., 1919. Price 12^. net.) 

Although nominally a third edition of Dr. Stewards well-known book, so much 
fresh matter has been inserted and so much has been rewritten that it is practically 
a new work. 

The second edition contained fourteen chapters, whilst the present edition 
contains twenty, of which twelve are entirely new and the remainder have been 
largely rewritten; eight chapters deal with subjects selected from pure and 
applied Inorganic Chemistry, six chapters with Physico-chemical subjects, and 
four with Radioactivity. 

Perhaps not the least interesting chapter is the last, which, under the name of 
“Conclusion,” deals with various points in Inorganic and Physical Chemistry 
still requiring further investigation and should serve to stimulate would-be 
researchers who may be on the look-out for new worlds to conquer. Amongst the 
subjects dealt with may be noted Electric Furnaces and their products, Nitrogen 
Fixation, the Permutites, Peroxides and Peracids, Active Nitrogen, Absorption 
Spectra, X-rays and Crystal Structure, Rare Earths and Gas Mantles, Pseudo- 
Acids, Rare Gases, Positive Ray Analysis, and several chapters on Radioactive 
Phenomena. Readers thus have a wide choice of subjects, though a cursory 
inspection leads rather to the view that the chapters dealing with purely theoretical 
matters are perhaps more satisfactory than those on the practical applications; 
possibly, however, this may be due to the absence of illustrations of actual plant 
used, as, for instance, in Nitrogen Fixation ; it is always somewhat difficult to deal 
satisfactorily with technical subjects without a large number of photographs and 
diagrams. 

Chemical science develops so rapidly almost from day to day that those who 
desire to become acquainted with the latest work on Inorganic and Physical 
Chemistry and Radioactivity will be gprateful to Dr. Stewart for providing them 
with the requisite information in so palatable a form. F. A. M. 

Osmotic Pressure. By Alexander Findlay, M.A., D.Sc., F.I.C. Second 
Edition. [Pp. xi -f 116, with 10 figures.] (London : Longmans, Green 
Co. Price 6 s, net.) 

Since the publication of the first edition, six years ago, a good deal of fresh light 
has been thrown on the subject by new researches and theories, and Prof, Findlay 
has taken advantage of the issue of a second edition to incorporate these results 
in his book, whilst a fuller description has been given of the apparatus employed 
by Morse and his collaborators. 

The importance of osmosis in many branches of chemistry, and above all its 
r 61 e in the mechanism of the vital processes in plants and animals, renders the 
present volume of great value. 

The subject is dealt with largely from the standpoint of the mathematical 
physico-chemist, but, havmg regard to its importance in the living organism, one 
could have wished that space could have been found for a chapter on the biological 
aspect of the subject, which is one that should always be kept in mind. 
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Pi of. Findlay’s monograph will, doubtless, find many new readers besides 
serving to refresh the memories of those who are already familiar with the first 
edition. 

F. A. M. 

Monographs on Industrial Chemistry. Edited by Sir Edward Thorpe, 
C.B., LL.D., F.R.S. (London: Longmans, Green & Co., 1919.) 

(1) The Natural Organic Colouring Matters. By A. G. Perkin, F.R.S., 

F.R.S.E., F.I.C., and A. E. Everest, D.Sc., Ph.D., F.I.C. [Pp. xxii + 

^ 55 -] (Pnce 38 j. net.) 

The shortage of synthetic dyes occasioned by the v\ar has caused a renewed 
interest to be taken in the natural dye-woods and colouring matters, so that from 
the practical point of view no less than from the theoietical the present volume is 
very welcome. It is somewhat remarkable that although a large amount of 
research has been carried out on this subject during the last half-century, 
particularly in this country, there has hitherto been only one book dealing with 
it, and that not in English, namely Rape’s Chemie dcr Nafurlichen Farbstoffe^ 
which is already somewhat out of date, so that the work under review should 
supply a definite need among English chemical literature. 

The chapters deal with dyes belonging to the following groups: Anthraquinone, 
Nnphthaquinone, Benzophenone, Xanthone, Chalkone, Flavone, Flavonal, y-Pyrane 
(including the Anthocyan group), Dihydropyrane, Coumarine, Dicinnamoyl- 
methane, Diphenyldimethylolide, Tannins, Coumarane, Indole, and Isoquinoline, 
and also with the colouring matters derived from Lichens and those of unknown 
constitution. An appendix is given containing a list of the natural dyes. The 
work is well indexed, and a full supply of refeiences is provided, so that those 
chemists whose interests lie in this direction will appreciate so complete and 
authoritative an account of the subject from the pen of Prof. A. G. Perkin, to 
whom we owe so much of our present knowledge of the natural colouring matters, 
whilst those who have hitherto given little attention to this important and fascinat¬ 
ing department of organic chemistry will probably be surprised at the large 
amount of research that has been done which is so well summarised here, and it 
should serve as an incentive to further work in this field. 

As stated in the preface, the intention has been to make the book not only of 
interest to the student but of value also as a work of reference, and to this end 
special attention has been directed, in the case of many of the substances, to the 
details which are essential for their isolation and purification. This is especially 
the case with the chapter on the Anthocyans, which affords a valuable account of 
the latest work on this'group. 

One could wish, however, that in a volume dealing with Industrial Chemistry 
room could have been found for a few more details as to the practical methods for 
handling and treating the crude dye-woods, etc., on a commercial scale. 

The book is well printed and reasonably free from typographical errors, and 
one’s only regret is that the exigencies of the moment have not permitted the use 
of a more satisfactory quality of paper for so excellent a work. 

(2) Catalysis in Industrial Chemistry. By G. G. Henderson, M.A., D.Sc., 

LL.D., F,R.S. [Pp. X + 202,] (Price 9^. net) 

The subject-matter of this volume is divided up into seven chapters, dealing 
respectively with the General Theory, General Inorganic Reactions and Prepara- 
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tions, Nitrogen Products, Hydrogenation, Oxidation, Hydration, Polymerisation, 
and Condensation, and a last chapter on miscellaneous organic preparations and 
processes. It is a little difHcult to follow the classification adopted, nor does the 
Table of Catalysts on pp. 194-6 help one much; in fact, the Table in question, 
which is merely a list of substances without any indication of the reactions they 
catalyse or even the page upon which further information may be found, strikes 
one as being somewhat valueless, nor does the Index of Subjects offer any help 
in most cases. 

The applications of catalysis are so numerous and varied, and also so scattered, 
that any attempt to deal with them is to be welcomed, and purely destructive 
criticism would be as useless as it would be ungrateful. Nevertheless, one cannot 
but feel that full justice has not been done to this important and fascinating 
subject, as the main bulk of the work appears to deal chiefly with extracts from 
the patent literature, whilst discussion of the underlying theoiies are confined for 
the most part to the fourteen pages of the introductory chapter. The general 
treatment of so absorbing a subject is, in fact, rather disappointing. The work 
may serve as a useful general introduction for senior students to indicate the 
large extent to which catalysts are used nowadays in chemical industry, but is 
hardly likely to prove of much assistance to those engaged in chemical industry. 

F. A. M. 


Coal-Tar Dyes and Intermediates. By E. de Barry Barnett, B.Sc. Lond., 
A.I.C, [Pp. xviii + 213.] (RideaPs “Industrial Chemistry.” London: 
Bailli^re, Tindall & Cox, 1919. Price los. 6d, net.) 

The chief point that strikes the reader of Mr. de Barry BametPs work is the 
relatively large amount of space devoted to the Intermediates; thus, of 213 pages 
no fewer than 84 deal with these most important substances. This is quite as it 
should be, as it is, of course, a well-known fact that about three-quarters of the 
capital required to build and equip a synthetic dye factory has to be expended 
upon plant for the manufacture of the essential intermediates, the final stages in 
the process leading to the actual dyes being usually of a far less involved character. 
The book is simply and clearly written, and affords a readable introduction to 
a very complex and important branch of chemistry. On one point only must a 
word of protest be uttered—namely, the use of the antiquated terms hmzoh and 
toluol for the pure chemical substances benzene and toluene. It may be argued 
that the chemical trade is familiar with these terms, and with such anachronisms 
as “amido-benzole” for aniline, “nitro-toluol,” etc.; but surely that is no reason 
why modem scientific nomenclature should be discarded in favour of out-of-date 
terms and formulae. If chemists are really to be governed by the empirical rules 
of early Victorian technologists, then let us by all means be thorough, and refer to 
benzene not as “benzole,” but as “bicarburet of hydrogen” (Faraday’s original 
name for the substance), and write aniline as “ phogisticated azotic bicarburet of 
hydrogen”; then surely no one could object I 

Whilst we have a carefully thought-out system of chemical nomenclature for 
organic substances, let us make use of it and have done with “benzole” for 
benzene and “amido” instead of amino, and so on. Mr. Barnett is not, by the 
way, guilty of this latter crime. 

However, apart from this flaw there is little fault to find with the work, which 
should be of considerable service to those who have no desire to study more 
voluminous works on coal-tar dyes. F. A« Mason. 
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Everymaii’s Chemistry. The Chemist’s Point of View and his Recent Work 
told for the Layman. By Ellwood Hendrick. [Pp. x + 320.] (London: 
University of London Press, 1918. Price 8 j. 6//. net.) 

This is really quite a delightful and refreshing book, which hardened chemists 
as well as non-scientific folk will read with zest and pleasure. It is a pity that 
war conditions have necessitated fixing a price which will prevent one from buying 
half a dozen copies and distributing them among one’s friends. 

The preface itself explains matters tersely : 

The whole thing is, in a way, a sporting proposition between you, the reader, 
and me. If I can hold your attention until you have read it through, I shall have 
succeeded m my undertaking, and you will know something about the Ways of 
Stuff as the chemist has to do with them. . . . You will not know how the chemist 
works so much as you will of the way he thinks; and instead of presenting him to 
you as a superman with potentialities and powers beyond bis kind, I have tried 
to make it clear that his problems are very like those of a business man. . . . My 
only stipulation is that you shall not attempt to read the book backward.” 

It would serve no purpose to give a summary of the contents; these the reader 
must see for himself, but the titles of Chapters I, II, and III, “Chemical 
Miseries”—including the salutary tale of Dr. Noyadont and how his chemical 
knowledge saved his fellow Directors from catastrophe—“ The Heart of the 
Thing,” and “ Phases of Matter,” will indicate the nature of the book; or again, 
Chapter VIII, “The Red-headed Halogens,” in which Mr. Hendrick reminds us 
that “ we are wont to attribute to men and women having auburn hair a certain 
quickness in response to a stimulus. This is a distinct quality of the halogens.” 

There are one or two slight errors which might be corrected in a later edition: 
on p 73 it is stated that in the manufacture of cyanamide “ the extra carbon is 
burned away in the heat ”; this is, of course, not the case ; also Germany is, not 
was, the largest producer of cyanamide. On p. 149 some reference to rustless 
steel should surely be included, and the formulse on pp. 284-5 trinitro- 
chlorbenzene and picric acid respectively are incorrect. 

These, however, are small points, and one can honestly wish the book a large 
sale, and hope that this will not be Mr. Hendrick’s first and last production I 

F. A. M. 

An Tntrodnction to the Study of Biological Chemistry. By S. B. Schryver, 
D.Sc. Modem Outlook Series. [Pp, 340.] (London: J. C. & E, C. Jack, 
1919. Price 6 s, net.) 

“ The aim of this new series is to present in readable volumes the results of the 
most recent scholarship in all departments of human thought.” 

The expectations raised by this statement of the publishers on the wrapper are 
considerably modified by the statements of the author in his preface that “ no 
attempt has been made to deal with more than one part of the study of biological 
chemistry—namely, that concerned with the structure of materials of which the 
bodies of living objects are composed” and that in many parts the book “ does not 
differ markedly from an elementary text-book on organic chemistry.” Accepting 
the position thus taken up by the author, the book is well written and can be 
recommended to those who desire to obtain an elementary knowledge of that part 
of organic chemistry treated by the author. Nevertheless, one regrets that 
the physico-ch^ftmical aspect has not been considered, and especially that the part 
dealing with plant chemistry only occupies 15 pages as contrasted with 140 devoted 
to animal chemistry. 1 . J* 

XI 
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Recent Advances in Organic Chemistry. By Alfred W. Stewart, D,Sc., 
with an Introduction by J. Norman Collie, LL.D., F.R.S. Third 
Edition, [Pp. xx 4- 350.] (London: Longmans, Green & Co., 1918. 
Price 14s. net) 

With the ever-increasing complexity of organic chemistry and the growing 
tendency towards specialisation it is becoming more and more difficult to keep 
abreast of the whole field of organic research, and for this reason a book, such as 
the one under review, must be welcomed by those who wish to acquire some 
knowledge of branches other than their own, without the labour involved in 
searching through original papers. 

The book opens with an excellent account of the advances in Organic Chemistry 
during the twentieth century, which makes most interesting reading, and next 
follow chapters on the Terpenes and the Alkaloids. By cutting out the subject- 
matter of some of the chapters of the earlier editions, such as the Grignard 
Reaction, Asymmetric Syntheses, etc., and increasing the size of the book, room 
has been found for chapters on “ Rubber,” “Some Aromatic Derivatives of Arsenic,” 
“Trivalent Carbon,” “Elements which Exhibit Abnormal Valency,” and other 
subjects which have not as yet found their way into the ordinary textbooks. The 
author is to be congratulated upon having correctly gauged the spirit of the times 
by directing the attention of his readers to the chemistry of vital products, such as 
Chlorophyll and the Anthocyanins, to each of which important subjects a chapter 
is devoted. The book also includes a chapter on “Some Theories of the Natural 
Synthesis of Vital Products,” largely from the pen of Prof. Collie, whose views, if 
not accepted in their entirety, must at any rate command attention. The author 
has successfully maintained the critical tendencies of the earlier editions, and it 
will be generally acknowledged that no opportunity has been lost of stimulating 
the spirit of inquiry and pointing out the lines along which investigations might 
profitably be pursued in the future. Supplemented as it is by frequent references 
to original papers, the book will prove invaluable to most serious students of 
organic chemistry. 

P. H. 


Catal3rtic Hydrogenation and Reduction. By Edward B. Maxted, Ph.D., 

B.Sc., F.C.S. [Pp. viii+ 104, with 12 illustrations.] (London: J. & A. 

Churchill, 1919. Price 4 j. 6d, net.) 

This little book is one of a series of monographs known as “Textbooks of Chemical 
Research and Engineering,” edited by W. P. Dreaper. It is divided into eight 
chapters, the first three of which are introductoiy and deal with the preparation of 
catalysts and the practical methods of catalytic hydrogenation; the three following 
chapters give examples of the hydrogenation of unsaturaled chains and rings 
respectively, and of miscellaneous other reductions; brief accounts of the experi¬ 
mental conditions are here given, together with references to original papers. 
Chapter VII is devoted to the reverse reaction of dehydrogenation notably 
affected by copjier and palladium. The last chapter deals with the technical 
hydrogenation of oils, and describes the more important methods of the commercial 
preparation of hydrogen. The book contains a quantity of useful information in a 
small compass, and forms a handy compendium of the rather scattered literature 
of the subject it deals with. 


P. H. 
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CBTSXAiaiOaBAPET 

A Kanual of Qeometrieal CrystaUography, Treating solely of those portions 
of the Subject useful in the Identification of Minerals, By G. Montague 
Butler, E.M. [Pp. viii-f-155, with 107 figures.] (New York: John 
Wiley & Sons, 1918. Price 7^. net.) 

According to the preface this book is intended for those whose sole aim in 
acquiring a knowledge of crystallography is to use it in the sight-recognition of 
minerals, and consequently every part of the subject not pertaining directly thereto 
is rigidly omitted. The detailed treatment of the crystal systems is prefaced by 
an introduc?tory chapter giving the fundamental definitions and followed by con¬ 
cluding sections dealing with twinning, cleavage, habit, and so forth. The major 
part of the book is occupied by a description of the forms occurring in the various 
systems and the means by which they can be readily recognised. 

The treatment of the idea of symmetry is very unsatisfactory, as, except for an 
erroneous definition of a symmetry axis on p. 4, the only symmetry element 
considered throughout the book is the plane. This neglect of axial symmetry in 
the discussion of the various crystal classes compels the author to introduce a 
“ law of crystal axes ” to explain the presence of two parallel faces in monoclinic 
and triclinic forms, and then to violate this law in his definition of hemimorphic 
crystals. The omission, in the systematic portion of the book, of those crystal 
classes in which no mineral is known to crystallise is to be commended, but the 
utility of this part would have been increased by the mention of a few mineral 
examples, particularly as many of the figures represent combinations characteristic 
of particular minerals. The Weiss notation is used throughout in place of the 
more usual Miller’s symbols, though at the end of each system comparative tables 
of symbols of several notations are given, but without any explanation of the 
methods of derivation. In the section on twinning the statement that in certain 
classes a twin plane may be parallel to a symmetry plane seems to be based on a 
misconception of supplementary twinning. 

It is very doubtful if such a radical departure from the orthodox method of treat¬ 
ment will result in any appreciable conservation of the student’s time, particularly 
where simplicity is attained at the expense of accuracy. The possibility of the 
student making further excursions into the subject should not be forgotten, and 
consequently care should be taken that there be as little to “unlearn ” as possible. 

Many of the figures are set obliquely and a few misprints occur, the most 
notable being on pp. 100 and 121. 

A. Scott. 

Lectmres on the Principle of and its Application in all Sciences. 

By F. M. Jaegar, Ph.D,, Professor of Inorganic and Physical Chemistry 
in the University of Groningen, Holland. [Pp. xii + 333, with 170 figures.] 
(Amsterdam : Publishing Co. “Elsevier,” 1917.) 

Although the principle of symmetry is of considerable importance in many 
branches of science, yet very few works, with the exception of some mathematical 
and crystallographic treatises, discuss it in a systematic way. Morphological 
symmetry is indeed mentioned in some general biological books, while molecular 
symmetry, or rather the so-called “ asymmetry,” is usually discussed in connection 
with organic chemistry; but the treatment, particularly in the latter case, is 
often very inadequate, and certainly never systematic. This book, therefore, 
is assured a welcome, particularly as few authors are so well qualified as Professor 
Jaegar to deal with this subject. His chemical researches have been largely 
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connected with optically active compounds, both organic and inorganic, while 
his crystallographic work has included investigations, not only of the external 
morphology of crystals, but also of the internal structure as revealed by X-rays. 

The earlier chapters of the book are concerned with the general problem 
of symmetry and the derivation of the theoretically possible types, the Litter being 
based on the methods of Schdnflies, Numerous examples of the various types 
taken from biology as well as crystallography are given, and the symmetry 
demonstrated by means of excellent illustrations. Although the subject-matter 
is such that a simple presentation is difficult, the discussion is admirably lucid and 
sufficiently non-mathematical to be easily followed. Unfortunately a fresh notation 
for the symmetry groups is introduced, and a tabular comparison with those 
already in use would have been useful for purposes of reference. The succeeding 
two chapters deal with the application to crystallography, and cover not only the 
geometrical theory, based on the limitations imposed by Haiiy’s law, but also the 
hypotheses which have been advanced regarding crystal structure, as well as 
the results of the X-ray investigations of the latter. 

The geometrical theory of crystal structure is now fairly complete, and, as 
several elaborate treatises on it have already been published, in the present book 
only a general account of the derivation of the space lattices and point systems 
is given. On the mechanical side, however, the solution of the problem is still 
very incomplete, and this is instanced by the unsatisfactory nature of the structural 
theories which have been proposed, while X-ray analysis still suffers from the 
disadvantage that the results have sometimes been interpreted in more than one way. 
The author’s discussion of the valency-volume theory is scarcely impartial, as 
comparatively slight mention is made of the weighty objections which have been 
raised against it With regard to the interpretation of X-ray analysis, the view 
that is taken is that, while the crystal structure is built up by the interpenetration 
of space lattices, each point of which is occupied by an atom, the chemical 
molecule maintains its entity in the solid state. Although the latter cannot be 
held to be proved or disproved, yet it seems scarcely correct to say that from the 
crystallographic point of view the atoms can be arranged into molecules in any 
arbitrary fiishion. Geometrically this may be so ; mechanically it cannot be, and 
crystallography is as much concerned with the mechanical side as with the 
geometrical. Most of the arguments which have been advanced in favour of 
the view that the solid molecule ” of sodium chloride contains one sodium and 
one chlorine atom are equally favourable to the view that the ** solid molecule ” 
contains a sufficiently large number of atoms of each type to give a first approxi¬ 
mation to an unlimited point system. The description of the author’s experimental 
verification of the limitation of the Laue radiogram—owing to the centro- 
symmetrical nature of the radiation the thirty-two crystal classes are reduced 
to eleven-yought to have been completed by an explicit statement of Friedel’s 
earlier theoretical deduction. 

The latter portion of the book is occupied by a very able and complete account 
of Pasteur’s law and the associated phenomena. Emphasis is rightly laid on 
several points which are often lost sight of; for example, that compounds may 
contain “asynometric” carbon atoms and yet be inactive and non-resolvable, and 
that optical activity depends on the compound possessing only axial symmetry. 
*'The recent work in this field is critically surveyed and an indication given of the 
immediate problems awaiting solution. One is glad to find that the author cannot 
accept Werner’s supposed resolution, by spontaneous crystallisation, of a compound, 
the racemic form of which is less soluble than the active antipodes ; according 
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to present chemical theory such a phenomenon is impossible. The book closes 
with a suggestive discussion of asymmetric syntheses in nature. 

The book is well worth careful study, as much on account of the suggestive 
discussion of those problems the solution of which is still incomplete, as for the 
well-digested and complete summary of the work already done. When it is 
remembered that English is a foreign language to the author, the diction must 
be regarded as exceedingly good, but although two pages of errata are appended 
these by no means include all the misprints which ought to be corrected in 
a future edition, ‘ A. Scott, 


ZOOLOGY 

The ftnantitative Method in Biology. By Julius MacLeod, Professor of 
Botany in University of Ghent. [Pp, viii-f 222.] (Manchester: at the 
University Press ; London : Longmans, Green & Co. 1919. Price 15^. net). 
This book, written by Professor MacLeod during his enforced absence from his 
country, and published by Manchester University Press, is a valuable contribution 
to the mathematical and quantitative aspect of modern biology. The author 
writes well, and his thoughts are tersely expressed; the book begins by the 
demonstration of the underlying fact that the notion of species is a chemical notion, 
and that though the number of organic substances known to science do not exist in 
sufficient diversity to explain the occurrence of millions of animal and plant species, 
the mixture of many of these substances in varying quantities in different species is 
the explanation of the phenomenon of the multiplicity of animals and plants. 

Professor MacLeod distinguishes carefully between “ plasticity ” of a species 
such as found mLeontopodium aljtinum when the alpine form becomes transformed 
into the low altitude form, and between complexity ” such as is due to the 
occurrence in one species of several distinct hereditary forms. The author 
discusses the questions of variation under cultivation and in the state of nature, 
and considers that the idea^that variation is more common under cultivation than 
in nature is not really true, and he gives examples in support of his claim. 

The author draws the attention of zoologists to the wide and as yet hardly ‘ 
explored field of quantitative biology such as is offered to the embryologist and to 
the systematist, in the development of legs, antennee, wings, etc. With regard to 
the question of variation in embryology, the author draws attention to the fact that 
observers are wont to call a piece of work, such as the examination of two tortoise 
embryos, a ** Memoir on the Embryology of the Chelonidse,” etc., and to base 
their observations on loo small a collection of material. Professor MacLeod 
believes that the application of the quantitative method to embryology would 
enable us to reduce the complicated notion of Development to terms of the simple 
notion of growth of the Primordia (or simple properties). 

The last sections of this work are taken up by an explanation of the law of 
probability in its application to the measurements of variable properties of animals 
and plants. 

Owing to the concise and terse manner of writing and to its arrangement in 
short paragraphs this book is not very readable ; but for consultation purposes the 
arrangement is very convenient. 

Professor MacLeod is to be congratulated on having written a book which is 
sure to be of use both to the expert and to the student. 


j. B. a 
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The Origin and Evolution, of Life. By Henry Fairfield Osborn, Sc.D., 

Research Professor, Columbia University. [Pp. xxi + 322.] (London: 

G. Bell & Sons, Ltd., 1918. Price 25J. net.) 

This book is “ some of the initial steps toward an energy conception of Evolution 
and an energy conception of Heredity, and away from the matter and form 
conceptions which have prevailed for over a century.’* With this introductory 
remark the reader expects to find something new, but what he does find is a 
wearisome reiteration of the words action, reaction, and interaction of energy,” 
which Prof. Osborn evidently believes is the key to a solution of the problems 
surrounding life phenomena. The effect of this interpretation of life phenomena 
in “ terms of energy *’ is, to say the least, fruitless. On the one hand, the author 
disclaims himself to be either materialist or mechanist, while in a later part of his 
book he proceeds to give an unconvincing explanation of how life began “ by the 
assemblage one by one of several of the ten elements now essential to life. . . . ** 
Before beginning this physico-chemical explanation of the inception of life. 
Prof. Osborn postulates the presence in living substance of a hypothetical 
undiscovered life element “bion,” and his several conceptions of life phenomena 
are contradictory 1 One does not expect a palaeontologist to write a very 
illuminating essay on chromatin, but one must remark that the author’s state¬ 
ment that “Boveri has demonstrated that all body-cells lose a portion of their 
chromatin, and only the germ-cells retain the entire ancestral heritage,” is 
preposterous. It is a pity that such ill-informed statements should be made by 
one whose writings are rightly taken by some to be of prime importance. 
Boveri, it is true, showed that in Ascaris there is a chromatin-diminution process, 
but this is an exception to the rule that the nuclei in the segmenting egg are 
equipotent at the time to which Prof. Osborn refers, 
j Exactly what the author means by distinguishing between ‘‘heredity- 
chromatin” and “body-chromatin” is hard to ascertain. Possibly his mis¬ 
interpretation of Boveri’s views accounts for the attempt to distinguish between 
the nuclei of the germ-cells and those of the so-called body-cells. The author’s 
use of the term “heredity-chromatin” instead of Weismann’s “germ-plasm” is 
bound to find favour in some quarters,^ The reader leaves the first part of this 
book with mixed feelings, but above all with the opinion that the author’s “ energy 
concept ” of the origin and evolution of life leads to a cul-de-sac, and is not likely 
to produce any satisfactory result. The second part of Prof, Osborn’s book deals 
with evolution from a palaeontological aspect, and here the author is dealing with 
his own subject. He gives a beautifully illustrated and clear description of 
various well-known lines of evolution in vertebrates, from materials collected 
mainly by American authors; while one cannot stint admiration for the valuable 
work of the latter observers, one is bound to say that Prof. Osborn does not give 
due acknowledgment to the work of British palaeontologists. In his conclusion 
and elsewhere Prof. Osborn clearly recognises the importance of hormones or 
chemical messengers in their possible relationship to heredity, especially from the 
aspect of Lamarckism. The book is well illustrated, and contains a bibliography 
at the end. J. B. G. 

The Evolntioii of the Earth and its Inhabitants. Edited by R. S. Lull, Ph.D. 

[Pp, xi -I- 208, with frontispiece, 4 plates, and 38 figures.] (Yale University 

Press; London: Humphrey Milford, 1918. Price $2.50, or 10s. net.) 

The contents of this pleasing volume are a series of lectures delivered before the 
Yale Chapter of the Sigma XI during the Academic Year 1916-17. The following 
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lectures were delivered : i. “ The Origin of the Earth,” by Prof. Barrell; 2. “ The 
Earth’s Changing Surface and Climate,” by Prof. Schuchert; 3. “ The Origin of 
Life,” by Prof. Woodruif; 4. “ The Pulse of Life,” by Prof. Lull; and 5. Climate 
and Civilisation,” by Prof. Huntington. 

In scope, of course, it is extremely broad, dealing as it does with most of the 
aspects of the past history of this planet and the forces that have be^n at work to 
produce the world and its inhabitants as we see them to-day. It seems rather a 
pity that it did not include one further chapter containing a more detailed account 
of the origin of man himself and our knowledge of the development of pre-Grecian 
arts and civilisations since, although this is but a small branch of animal evolution 
in general, and as such is treated in lectures 4 and 5. It is a topic of such 
immediate interest to ourselves, and could have been treated so as not to interfere 
with either of the two lectures just mentioned. This would, we feel, have rounded 
off the treatment of the subject as a whole, and have been a fitting inclusion in one 
of the most interesting and stimulating series of lectures we have read. 

At first sight it would appear that such a series, with each subject being treated 
by a specialist, would of necessity be uneven and scrappy. As a matter of fact 
the reverse is the case, and the series forms one whole with quite a remarkable 
unity of idea and continuity of thought. Indeed the plan of the work and of each 
lecture might have been the work of one man, if such a one could be found, and 
the differences in treatment and expression are only such as must follow from the 
variety in the subjects and the personalities of the lecturers. 

Perhaps one chapter, the last, does provoke a minor criticism. There does 
not appear to be a consistent attitude towards the relationship between climate 
and its effect upon man. It is not quite clear throughout how it is supposed that 
climate influences human civilisation; whether it is by directly adapting mankind 
to its conditions as a direct causal agent (a point of view necessitating the accept¬ 
ance of the doctrine of the inheritance of acquired characters in a modified form) 
or by the elimination of the non-adapted types. Thus it is suggested that by a 
series of chemical changes due to climatic influences, the negro has “acquired” an 
indolent character; again, he has “ not acquired any special adaptation to a hot 
climate ”; or, further, that climate stress has permanently modified man’s mental 
response. However, “All’s well that ends well,” and the final conclusion that 
climate “ is not a determiner of civilisation but a condition which prevents civilisa¬ 
tion from advancing in some places and stimulates it to greater activity in others ” 
will probably be accepted, and is in accordance with what may be called orthodox 
biological views. 

It is not often that a reviewer is able to agree with the claims of the publisher 
on behalf of a book, but that pleasure has been forthcoming in the present 
instance. The statement that “ for those who are interested in the various stages 
of development through which the earth and its forms, organic and inorganic, 
have passed from their origin to the present age, these chapters, written by 
scientists of note, offer a comprehensive and readable account,” can be thoroughly 
endorsed. Indeed, it can further be added that the method of presentation in all 
the chapters is such as to maintain the interest, stimulate thought, and arouse 
further curiosity. C. H. O’D. 

Forced Movements, Tropisms, and Animal Conduct. By Jaqxjes Loeb, M.D., 

Ph.D., Sc.B. (Pp. 209, with 42 text-figures.] (London and Philadelphia: 

J. B. Lippincott & Co., 1918. Price *2.50 net.) 

This book is the first of a series of Monographs on Experimental Biology, which 
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will cover not only that subject in the sense in which it is generally understood, 
but also that usually designated as General Physiology. The line of demarcation 
between these two sciences has always been a difficult one to draw, and since they 
both aim at the investigation and analysis of the phenomena of living beings and 
the expression of such activities in tcims of physics and chemistry, it is wise in 
such a sexies of volumes to include both branches of study, which are, after all, 
fundamentally the same. The editors of the senes are Jaques Loeb, T. H, 
Morgan, and W, J. V. Osterhaut, and these in themselves are sufficient guaiantee 
of the quality of the books to come. This is but the first, and as the list of volumes 
in preparation, besides those by the editors, includes such names as Conklin, 
Pearl, and Jennings, the width of its appeal will be manifest Such a series has 
long been needed in order that biologists in all countries may be kept in touch with 
this piolific school of Ameiican scientists, and it is assured of a good reception. 

Loeb*s own views on what may be called, for lack of better terminology, the 
mechanistic conception of life, are too well known to be again made the subject of 
discussion, and it will suffice to say that they are heie piesented in his usual 
vigorous manner. Much of the matter in the first chapters, which are introductory, 
is familiar to followers of Loeb’s work; but its inclusion is necessary for the right 
appreciation of the discussion. The main part of the book is occupied with the 
description of new and interesting experiments on the tropisms of the lower 
animals. Apart from the actual matter contained, which is in itself valuable, 
there are also described certain experiments and pieces of apparatus that could 
easily be utilised for demonstiating these reactions in class woik. 

The author seeks to show that tropisms are the result of a mass-chemical 
reaction, and the phenomenon mainly investigated was that of heliotropism. It 
is claimed that all the numerous reactions obtained in the light experiments of 
other workers and of the new ones here described are the direct result of the 
photo-chemical activity of the light. Moreover, the law of Bunsen and Roscoe, 
that the photo-chemical effect produced is a function of the intensity into the 
duration of the illumination, is held to be valid in all cases of animal and plant 
heliotropisms. Several very ingenious experiments were devised to test this 
claim, and the results in all cases appear to justify the authoi’s assumptions. 

Although heliotropism is the subject most studied, theie are other portions 
dealing with goetropism, chemotropism, thermotropism, stereolropism, etc., and it 
is interesting to note that the author has found that the same fundamental tropisms 
are exhibited by sessile animals, hydrozoa and plants on the one hand, and by 
motile plants and animals on the other, a point that emphasises very deafly the 
basic nature of these reactions in living beings. 

Whether one agrees with the author*s mechanistic explanation of the behaviour 
of organisms or not, this is a book that will have to be considered seriously by all 
workers on the subject. The “ vitalist” will find in its pages trenchant criticisms 
of his attitude that cannot be dismissed by any airy platitudes, since they are 
supported by a wealth of experimental results. 

The volume is a fascinating and a useful one, and should its successors in the 
series maintain the standard it has set, they will perform 4 signal service to 
biologists the world over. C. H. 0 *D. 

A Jimior Coxtree of Practical Zoology. By A. M. Marshall, M.A., D.Sc., 
F.R.S., and C. H. Hurst, Ph.D. Eighth Edition. Edited by F. W. 
Gamble, D.Sc., F.R.S. [Pp, xxxvi+5i5, with 94 figures.] (London: 
John Murray, 1918. Price 12s. net) 

It is mmecessaty to review a book like “ Marshall and Hurst,” for it is in the 
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hands of every student of zoology, and is the standard practical textbook through¬ 
out the laboratories of Great Britain. The fact that the work is in its eighth 
edition is in itself sufficient guarantee of its general utility. There have been 
included in this edition a useful note on the Trypanosome of the Dogfish, and 
diagrams of the ventral aspect and a median longitudinal section of the skull of 
the dog. C. H. 0 *D. 

Civic Biology. A Textbook of Problems, Local and National, that can be solved 
only by Civic Co-operation. By C. F. Hodge, Ph.D., and J. Dawson, 
Ph.D. [Pp. viii 4-381, with 2 coloured plates and 168 figures,] (London 
and New York: Ginn & Co., 1918. Price yj. net.) 

The sub-title of this useful little book indicates very clearly its contents. It is 
prepared for use in schools and training colleges, and forms a course in biology 
for older scholars. The particular problems that are studied are those that 
concern the community as a whole, and can be dealt with only by co operative 
action, either voluntarily or by means of legislation. This, however, implies an 
appreciation of the problems involved and an intelligent grasp of the means of 
studying and dealing with them. The aim of the book is “ to make it possible 
for every one to understand what these [biological forces] are, for good or ill, and 
how to do his part for his own good and that of the community.” Certainly any 
one who had the good fortune to have worked through a course on the lines 
suggested by this book would have obtained not only what was aimed at but also 
a very sound general training in field biology. 

The subjects treated—insect pests, fungoid diseases, rat plagues, etc., on the 
one hand, and the preservation of useful or attractive animals on the other—are 
illustrated by examples chosen from the United States. The actual species and 
their life histories therefore would not be the same in Great Britain, at any rate in 
most cases, but a course drawn up on similar lines dealing with local problems 
would be an excellent finish to the “Nature study” lessons now given. In fact, 
in agricultural districts in particular it might replace the so-called “ Nature study” 
with considerable gain to the biological training and future effectiveness of the 
student as a member of the community. It is a book to be commended. 

C. H. 0 *D. 

GmETICS 

(Jenetics in Relation to Agriculture. By Ernest Brown Babcock, Pro¬ 
fessor of Genetics, University of California, and Roy Elwood Clausen, 
Assistant Professor of Genetics, University of California. [Pp. xx 4- 675.] 
(New York : McGraw-Hill Book Company; London: Hill Publishing Co., 
1918. Price S3.50 net.) 

This work is really considerably more than its title indicates. It is not merely 
an account of genetics applied to agriculture; it is an authoritative textbook 
on the facts and principles of genetics as well as on the application of these 
to plant and animal breeding. 

The book is divided into three parts: fundamentals, plant breeding, and 
animal breeding. The first part deals entirely with the pure science of genetics, 
and constitutes a text-book of the subject. While excellent works exist which 
deal with parts or certain aspects of the subject the present account covers 
the whole ground of the study of heredity and allied problems. The methods 
of genetics are, according to the authors, four in number. These are (i) the 
method of observation, of which Charles Darwin’s work is the most brilliant 
example, (2) the method of experimental breeding to which we owe the great 
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progress in the study of heredity during the last twenty years: the names of 
Mendel and de Vries are inseparably connected with this method; (3) the method 
of cytology, the value of which the authors fully appreciate; and (4) the method 
of experimental morphology. In genetics this last method has for its object the in¬ 
vestigation of the development of the individual as it is related to pro blems of 
variation and heredity. Work along these lines has as yet scarcely commenced. 

The greater part of Part I naturally deals with Mendelism, and special attention 
is directed to recent developments in Mendelian analysis; naturally much 
reference is made to the work of Morgan on Drosophila^ which has extended 
knowledge in the subject so vastly. Apart from this the authors cite a large amount 
of work on diiferent species and by different workers, and have exercised great 
wisdom in their choice of subject-matter. Other matters discussed in the part 
on Fundamentals are variation in general, the statistical study of variation, 
in which the principles of biometry are described, species hybridisation involving 
questions of hybrid form and vigour and sterility, pure lines and mutations. 

These Fundamentals occupy nearly half the book. In the second part, on 
Plant Breeding, the questions of varieties and their origin, selection, hybridisa¬ 
tion and hybrids, and mutations in plant breeding are among practical problems 
dealt with. A chapter is also devoted to the composition of plant populations 
in which methods of reproduction and fertilisation are considered. Two interesting 
chapters are devoted to graft hybrids and bud selection, while a chapter on the 
breeding of disease resistant plants is very stimulating. 

The scope of Part III, which deals with Animal Breeding, is similar to that 
of Part II, selection, hybridisation, disease, the inheritance of acquired characters 
as well as breeding methods being among the questions discussed. In regard to 
the inheritance of acquired characters, the authors, after a careful sifting of the 
evidence, come to the orthodox conclusion that there is no experimental de¬ 
monstration of the inheritance of any acquired character. The questions of sex 
and fertility in animals are very adequately dealt with. 

As an example of how the different methods of genetics may be correlated 
in the solution of problems may be mentioned the case of the sterility of the mule, 
a well-known result of experimental breeding. It appears that the germ-cells 
of the horse have 19 chromosomes, and those of the ass 32 or 33. Consequently 
“reduction divisions in the mule are prevailingly abnormal as to chromatin 
distribution, and no functional spermatozoa appear to be produced.*’ 

The book is clearly written, but in the chapter on variation there appears to 
be some confusion between an external factor or condition and a stimulus, which 
is a change in the condition. Also the division of variations into four classes, 
morphological, physiological, psychological, and ecological, does not seem very 
happy—as, for instance, variations in leaf colour due to habitat might be classed 
either as moiphological, physiological or ecological, at any rate in some cases. 

It is impossible in a small space to indicate adequately any more than the 
general scope of this book, but enough has been said to make it clear that the 
work supplies a real need. The whole ground of genetics is covered, a wide range 
of material has been chosen for subject-matter, as is indicated sufficiently in the 
length of literature cited, and a good balance is maintained in regard to the space 
devoted to different questions. The work will be invaluable not only to students 
and teachers of biology and agriculture, but also to research workers both 
in genetics and plant and animal breeding, and in plant and animal physiology. 

In preparing a text-book on a subject which has undergone such enormous 
and rapid development, the authors imposed on themselves a great and difiScult 
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task, and they have done their work well. The book is well illustrated, and the 
production leaves nothing to be desired. 

W. S. 

Genetics Laboratory Manual. By E. B. Babcock, Professor of Genetics, 
University of California, and J. L. Collins, Instructor in Genetics, 
University of California. [Pp. xi + S^*] (New York: McGraw-Hill Book 
Co.; London: Hill Publishing Co, Ltd., 1918, Price 5r. net.) 

Genetics, although essentially an experimental study, tends to become in 
university courses a lecture subject only. It is to be hoped that the little volume 
by Prof. Babcock and Mr. Collins will help to serve as a corrective to this 
tendency. 

This book is in many ways a rather wonderful production. In the course of 
some fifty pages detailed instructions are given for a laboratory course in genetics 
extending over fifteen or sixteen weeks, one three-hour period being devoted to 
the subject per week. For each exercise two alternatives are given, so that work 
is indicated for three such courses. The instructions are strictly limited to those 
necessary for the laboratory work, the book being intended to supplement the 
textbook. 

The material seems admirably chosen. Recognising genetics as a subject 
common to the two branches of biology, both animals and plants are selected as 
material for experimental study. One of the greatest difficulties arising in the 
planning of courses in genetics is the time factor. Much material requires so 
long a time to give results that it is ruled out as impracticable for class-work for 
this reason. Hence the choice by the authors of the fruit-fly (Drosophila 
melanogaster) for breeding experiments is a very happy one. The various experi¬ 
ments with this fly form the subject of the first section. The second section 
indicates materials for the study of variation in plants. Here the introduction 
of field study in regard to variation in Stellaria media is an excellent idea. The 
student is also introduced to bud variation, chimeras, and graft hybrids. In 
the third section Mendelism in plants forms the subject of study; maize, cereals, 
and other plants are the species selected. The fourth and last section deals with 
plant and animal breeding. Here the student is instructed in the methods used 
in the hybridisation of plants. As regards animal breeding, work is designed for 
acquainting students with the methods of recording pedigrees. This is, no doubt, 
useful for agricultural students, but for others different material may probably be 
substituted with advantage. 

Although designed primarily for North American workers, the manual should 
be found extremely useful in British universities and colleges as a guide to what 
can be done in a short time in introducing students to the methods of genetics. It 
is to be hoped, however, that the expressions ‘^ohand pollinate,” “ Mendelizing ” 
used in regard to characters, “to flame ” in the sense of sterilising an instrument 
by putting it in a flame, will not become accepted expressions in British institutions 
of learning. Apart from the use of thes^ terms, the authors are to be heartily 
congratulated on this little volume. 

"aCBBlCINE 

lutravdjLOXLS Injectioii in Wound SEock* By W. M, Bayliss, M.A., D.Sc., 
F.R.S. [Pp. xi Hr 172, with 59 figures in text.] (London: Longmans, 
Green, 1918. Price 9?. net.) 

The subjectrtnatter of this book constituted the OKver-Sharpey Lectures, but they 
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have been considerably amplified and numerous illustrative rases, both experi¬ 
mental and clinical, have been added* 

Although confessing at the outset that the pi ini ary cause of the symptom- 
complex, which is known as Wound Shock, is still obscure, the aiillioi h*is none 
the less rigidly adhered in his researches to the considei ation of the trctitment of 
the condition. A mass of evidence, both clinical and expennicntal, is bi ought 
forward to show that the most important physical sign in Wound Shock is the 
lowering of the blood pressure. The question of “acidosis” is discussed at some 
length, but much of this section is of necessity somewhat technical and will be lost 
on the average reader. The results obtained by the intravenous injections of acid 
solutions are striking, but the author does not allow himself to be “side-tracked” 
from his original purpose in order to folloiv up this subject. 

From the evidence which Prof. Bayliss brings forward it is clear: (i) that cases 
of Wound Shock with a low blood pressure—and that includes the vast majoiity — 
are greatly benefited by the intravenous injection of gum-saline ; (2) that the rise 
of blood pressure so produced is permanent; (3) that the only cases which fail to 
react satisfactorily are those in which the condition has been present for so long a 
period that the vaso-motor centres have become paralysed. That being the case, 
it is rather disappointing to find that clinicians have not had correspondingly good 
results in cases of Post-operative Shock treated by this method. 

As the reader follows the author’s argument as to the rationah for the means 
to be taken to restore the blood pressure to the normal, he will be apt to overlook 
the brilliant character of the work, so logical and so, apparently, obvious is the 
authors reasoning. 

The views and results of other workers are frequently given, and the references 
to the literature included at the end of the book are as complete as they are 
valuable* T. B. J. 

The Statics of the Female Pelvic Viscera. By R. H. Paramoke, M.D,, 
F.R.C.S. [Pp. xviii -f 383, with 26 illustrations, including 23 plates.] 
(London : H. ]^. Lewis & Co., 1918. Price i8j* net.) 

The main purpose of this work is to emphasise the practical fiinctional importance 
of the musculature of the pelvic floor. In the author’s view, the pelvic viscera 
are retained in place by the interaction of the downward pressure exei ted, through 
the abdominal to the pelvic viscera, by the diaphragm and the muscles of the 
abdominal wall, on the one hand, and the muscles of the pelvic floor on the other. 
Consequently, he does not rate the ligaments of Mackenrodt and the other 
localised thickenings of the pelvic connective tissue as of primary importance for 
the support of the pelvic viscera. The author strongly opposes the views recently 
expressed by leading gynaecologists, notably by Fothergill, and docs not hesitate 
to break a lance with certain anatomists. The morphology of the levator ani 
muscle is discussed in a very convincing manner, but the suggestion that partial 
regression occurred “because the visceral pressure in the pelvis at some time 
during evolution became too great for the muscles” (p. 350) is open to too many 
objections to be considered satisfactory, as the author himself seems to suspect 
(P- 358)* 

Unfortunately, there is a tendency to prolixity in the earlier chapters, and the 
author’s penchant for long sentences and parentheses may tend to prejudice the 
unbiassed reader against the views brought forward, which are none the less 
eminently sound and supported by evidence which opponents will have great 
difficulty in controverting. 
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Contemporary and earlier works are freely quoted and a very complete 
bibliography is appended. The illustrations are of a high standard, but the 
identification of fig. 25, requires further explanation than it receives in the text. 

T. B. J. 

The Elementary Nervous System. By G. H. Parker, Sc.D., Professor of 
Zoology, Harvard University. [Pp. 229, with 53 illustrations.] (Phila¬ 
delphia and London : J. Lippincott Company. Price $2.50 net.) 

This is the secoild of thirteen monographs on Experimental Biology to be issued 
under the editorship of Prof. J. Loeb of the Rockefeller Institute and his two 
colleagues, but of which only two volumes have hitherto been published. 
Dr. G. H. Parker, the author, is a well-known worker and writer in this field, 
and the high reputation of the Editors is an assurance that the volume will be 
appreciated as supplying a need. 

The author suggests that, as the dependence of human affairs is so absolute 
upon the nervous system, there is a place for a work describing its earliest 
appearance in the simplest and most elementary forms of animal life. He points 
out that the activities of the simpler animals are often interpreted in terms of 
human experience, and his researches based upon experimental and quanti¬ 
tative investigations, rather than upon observation and inference, are designed 
to give a description of the nervous system as it actually is rather than as it is 
believed to work. 

Human beings have often been likened to mere strands in the web of all living 
things, and we have need to know comparative physiology—^as well as pathology— 
before we can speak authoritatively upon conditions that appertain to ourselves; 
for, as is well known, parts of the nervous system that are apparently useless 
and vestigial in man subserve important functions in lower creatures, and conditions 
that are rudimentary or morbid in man may be normal in the lower animals. For 
instance, cancer is almost unknown in wild animals, whether free or in captivity, and 
atheromatous changes in the arteries, which are conditions sequential upon 
advancing years in man are unknown in animals, even the oldest; nor is the 
condition described as phlebitis met with in animals, neither are rabbits nor 
pigeons affected by even large doses of morphia. Therefore, any reliable records 
of structural dispositions, especially if relating to the nervous system in rudi¬ 
mentary forms of animal life, tend to throw light upon and to assist in the 
explanation of functions in human beings, and this work is an endeavour to 
simplify the intricacies of the nervous system in man by unravelling its earliest 
phases in the lower forms of life. 

All fully developed nervous reactions require for their acecution a receptor, an 
afferent conductor, an adjustor, an efferent conductor and an effector. In the 
lowly multicellular Spongidae there is no trace of a nervous system. The work 
undejf review begins with observations upon the type Stylotella as a representative 
of this class, and interesting experiments demonstrate the fact that the water 
currents through the pores of the Spongidse are not due to the flagellated 
epithelial cells lining the canals, but depend upon the controlling power exercised 
over the closing or opening of the pores of the osculum, which is effected by the 
sphincter band of cells on the canal walls ; this, in the opinion of the author, being 
the prototype of involuntary muscular fibres that are the primitive elements of a 
neuro-muscular mechanism, the elementary muscular substance acting as the 
effector, yet itself being merely nerveless, irritable protoplasm. As this proceeds in 
development the next stage is the^ appearance of a receptor apparatus to be found 
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in the Acizma a,nd Metndiu?n^\xi which,for the first time,there appears the dawn of a 
reflex act. The species Cordylophora are studied in detail and are fully recorded, 
the twelve or more sets of muscles (contracting protoplasm) constituting the only 
effector by means of which, through the stimulation of touch orheat, the nervous sys¬ 
tem in the Actimcs is capable of reacting—the cilia, mucous glands, and the nettle 
cells being apparently uncontrolled by any nervous mechanism whatsoever. 

The study of the sensitivity of the marginal bodies in the Medusa shows a 
gradual development of the receptor element, as isolated sections of this may be 
associated with the whole—thus anticipating the co-ordinated and unified action 
of the vertebrate response. The ‘‘ nerve net,” which confers autonomy upon the 
part supplied, is an illustration of the diffused non-centralised nature of action and 
response to stimuli, as contrasted with action where there is a central controlling 
nervous system giving rise to unified movement.- 

In regard to the origin of Mind, the author points out that in the Actinia 
behaviour is conditioned by the immediate environment, and the organism is 
merely a reactive mechanism, or, in other words, a bundle of rdflexes; reaction 
being caused by present stimuli rather than being a response due to internal states 
brought about by past activities. The last chapter is a continuation of analogous 
research upon the Hydroidse with Corymorpha palma as type, and in which, 
although there is no organised nervous centre, there is a reflex control of the 
elementary muscular substance. • 

The conclusion summarises the results of investigations by the author and 
others in regard to the earliest dawn of a nervous system, which, in the most 
elementary kind, exists in multicellular animals as smooth muscular fibre. This 
acts as an independent effector without any trace of a nervous system. The next 
step in the higher Ccelenterata is the development from epithelial cells of a receptor 
area, which shows the intimate relation between the epiblastic elements of the 
nervous and epithelial cells, these becoming responsive to chemical pressure 
(touch), heat and light stimuli, and in the sea anemones existing as the proto¬ 
neurone intermediately placed between the sensory area and the muscle effector, 
the final neurone being due to the extension of processes of the cell, the union of 
cells being further effected by intercalary or inter-nuncial neurones, which, in the 
fully-developed brain, account for its extreme complexity. There are several pages 
of bibliography which cannot but add to the usefulness of a volume devoted to so 
specific a htudy. ROBERT Armstrong-Jones, M.D, 

Whatis Psycho-aRalysii? BylSAOOR H. Coriat, M.D. [Pp. 124,] Kegaa 
Paul, Triibner & Co. (London : 1919. Price 3J. 6<f. net.) 

It is two-thirds of a century since Sir William Hamilton arranged the phenomena 
of Mind under the three categories of cognition, feeling and conation. He 
maintained that these were discovered by an analysis of consciousness, or by 
introspection, and he instanced the three phenomena firstly of Knowledge, then of 
Feeling, ia. of Pleasure and Pain, and lastly of the Will and Conation, by the 
illustration of a person approaching a picture and becoming conscious, in the first 
instance, of perceiving a certain complement of colour and form which was cognition; 
secondly, of experiencing certain feelings, either of gratification if the picture be a 
masterpiece, or of a more mingled character if the picture be of indifferent merit; 
and, thirdly, that these experiences would be succeeded by a growing desire to 
become the possessor of the picture, and, as a consummation of the desire, the will 
would tend towards its possession. 

These three groups of elementary mental units were compared to the red, 
yellow and blue rays of the solar spectrum, with their three separate qualities, 
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one associated with heat, the other with light, and the third with chemical effects, 
and, although each acted its part, it was the unified whole which operated; and the 
same analogy applied to the mind. But the analysis was carried even further: the 
red rays were at one end of the spectrum, the blue at the other and the yellow 
stood in the middle, and these corresponded to the exercise of the mental faculties 
during the different periods of life: feeling was predominant in childhood, 
intelligence in the autumn of life, and desire, with its impetuosity and passions, 
during the period of youth. In may be stated that this analysis of the mental 
faculties prevailed as the basis of textbook teaching in Psychology until the objective 
or experimental period when Mercier urged that, in studying the hlind, Conduct 
should be the ultimate criterion and guide. Following upon this teaching some 
foreign psychologists, notably Freud and Breuer, based the origin of human 
activity upon desire ; that the strongest desires were implanted in animals and in 
man as instincts, and that the strongest of these related to self-pieservation, to the 
feeling of hunger, to the seeking for warmth, to sex, and then to a number of binary 
and even ternary types. The teaching of foreign psychologists laid particular 
emphasis upon the instinct of sex, going so far as to assert—contrary to general 
experience—that sex disturbances were at the root of all nervous and mental 
abnormalities and diseases. The teaching of this school very rightly assumed, how¬ 
ever, that the varied operations of the intellectual life, of memory, imagination and 
reason, of the emotions and the will, resulted from the interaction of sensations and 
ideas under the laws of association. They further taught that ideas grouped them¬ 
selves into complexes, which may conflict one with another, some being repressed, 
whilst others found expression in some sensory, motor or other mental or sympa¬ 
thetic outlet; but that in disease, or under any great overwhelming stress, or even 
under a stress of a lesser severity but long continued, these groups of ideas became 
dissociated, dissociation and repression tending to occur chiefly and mainly in 
connection with ideas which existed during early infantile life ; these ideas also 
carrying with them certain definite emotions, which could not be ascertained 
because they were only unconsciously active, never rising into consciousness them¬ 
selves but, being transferred or sublimated into some other form of expressiom; 
the difficulty experienced in identifying them being due to what was described as 
the mental resistance of the individual. If it were possible to discover the links of 
connection between the present abnormal condition and early infantile emotional 
states, and if these could only be brought into consciousness and reasoned with, 
then the abnormal condition disappeared. It will thus be seen that the new 
school laid as much stress upon the laws of mental association as did its discoverer 
Hobbes; or Hartley, who was the first to make use of its application to the whole 
intellectual system. One special method used by the new school to discover the 
hidden links of association was by means of psycho-analysis—or, according to 
English pychologists, through psychological analysis—which included in its scheme 
the interpretation of dreams, because dreams were regarded as unfulfilled desires, 
and an exploration of these desires, hidden in the unconscious mind, gave the 
clue to the connection between outward symptoms and their inner and deeper 
real origin or proximate cause. 

It is with the view of making clearer what is meant by this method of 
examination described as Psycho-analysis that this little volume has been issued, 
in the form of question and answer, by a well-known supporter and disciple of 
the practice. In order to carry out this scheme a special vocabulary had to be 
invented and words such as “sexual,” wish, libido^ have been employed with a new 
meaning; new terms have also been introduced into mental science, such as 
“sublimation,” when a group of ideas has been transferred to some new social 
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activity; conversion, if they are represented by sensory, motor or ideational 
changes ; “ dramatization,” ‘‘ condensation,” and other words are employed in these 
analytic examinations in such a way as to demonstrate a wealth of imagination 
hitherto unthought of. It is claimed by his supporters that the work of Freud is, 
tothe neuroses, what Hume described the law of association to be in the realm of 
mind, or gravitation in that of matter 5 but, without derogating from its value in the 
interpretation of abnormal mental phenomena, it is impossible to subscribe to many 
of the explanations offered by his advocates. All dreams are not the product of 
repressed causes, nor is forgetfulness a designed exclusion or a purposeful 
repression from consciousness; nevertheless, this little Freudian handbook will be 
of much help to those interested in mental phenomena. 

Robert Armstrong-Jones, M.D. 

The Effect of Diet on Endurance. By Irving Fisher, Ph.D., Professor of 
Political Economy, Yale University. [Pp. viii + 55,] New Haven: Yale 
University Press; London: Oxford University Press, 1918. Price 
2^. (id. net.) 

This little book, which owes its appearance to the necessity for Food Economy 
imposed by the War, is a reprint, revised and abbreviated, of a communica¬ 
tion published in the Transactions of the Connecticut Academy of Arts and 
Sciences^ 1907. 

As the result of an experiment which is fully detailed, the author concludes 
that, if thorough mastication of food is practised, and if, at the same time, the 
choice of food is left entirely to instinct, the diet shows a marked reduction in 
the amount of protein taken. Further, this dietetic change is accompanied by 
slight loss of weight and strength, but by a marked increase in powers of 
endurance. The tables, in which the results of the author s experiment are set 
out, are remarkable not only for the degree of improvement in endurance powers 
which they show, but also for the fact that there seems to be no relation between 
the general improvement and the individual improvement in given tests. 

The author recognises that the chief obstacle to prevent most people from 
following his experiment is the practical impossibility in the average home’ for 
the food to be selected by appetite only. He does not attempt to slate the 
converse proposition that, if the amount of protein in the diet is voluntarily reduced 
and substituted by the required amount of fat and carbo-hydrate, thorough 
mastication will be su6Ecient after a few weeks to make the alteration palatable, 

T. B. J. 

KXSCSXiXJLNTEOUS 

Library Ideals. By Henry E. Leglbr, Compiled and edited by his son, H enry 
M. Legler. [Pp. X -f* ySJ (Chicago and London: The Open Court 
Publishing Company, 1918. Price @1.50 net.) 

The late Mr. Henry E. Legler was for some years Librarian of the Chicago 
Public Library, after serving previously as Secretary to the Milwaukee Board of 
Education and Secretary of the Wisconsin Free Library Commission. His son, 
Mr, Henry M. Legler, has compiled and edited, in the present volume, some essays 
and addresses on library work delivered by his father on various occasions. 

In these essays the author explains to us his library ideals. He is a firm 
believer in the power of Free Libraries to further the development of a rea 
democracy, to make rural life as attractive as city life, to encourage adult 
education, to develop the technical resources of the country and to weld together 
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the miscellaneous races of which the United States makes its citizens. His 
Librarian is no mere storekeeper of books, but a man of talent and education who 
will assist readers and be an inspiration and a help to them 

Although libraries have long been considered of first importance in the 
University system of education, their use in schools has been largely neglected. 
In an essay entitled “ Library work with Children,” the author discusses how this 
may best be rectified. To what extent these library ideals have already been 
attained in the United States may be gathered from various statements by the 
author. It is plain that the citizens of the United States are far better provided 
with library facilities than we are in this country, especially in the smaller towns 
and country districts, the latter being supplied by travelling libraries. As an 
example of this development of Free Libraries in a country district, it is stated that 
during the year 1907 in the state of Wisconsin 122,093 books were circulated to the 
rural population by these travelling libraries. 

The book is delightfully written, and we recommend it to those interested in 
books and in education. We wish that it might be read by our local legislators 
who are responsible for the application of the Free Libraries Act. 

R. E. S. 

Joseph Priestley. /(Pioneers of Progress: Men of Science.) By D. H. Peacock. 
[Pp. 63.] (London; Society for Promoting Christian Knowledge; New 
York: The Macmillan Company, 1919. Price 2s, net.) 

An excellent sketch of the life and activities of this eminent philosopher is given 
in the five short chapters which constitute this little book. Theologian, educa¬ 
tionist, historian, chemist, and companion to a nobleman—all these aspects of 
Priestley are properly dealt with by the author. The wretched business of the 
Birmingham riots which forced Priestley to leave that town and ultimately his 
country, practically mark the end of his scientific discoveries, and his subsequent 
life in America is treated in consequence with great brevity. 

Priestley gives us the impression to-day of a dilettante rather than a serious 
student of science. “ Chemistry,” says our author, “ was little more than a hobby 
to him; theology was his life-work.” His failure to do more than he did in 
advancing scientific knowledge was due, in most part, to two things—to his almost 
fanatical adherence to the Phlogiston Theory, and to his failure in the matter of 
quantitative measurement. “ Priestley was not only an experimental but also a 
speculative philosopher and a theologian. His studies in other directions than 
experimental science would not be such as to lead him to attach weight to quanti¬ 
tative data” “He was at times surprisingly inaccurate in measurement,” He 
had, on the other hand, a contempt for theories and hypotheses, and his view that 
“ if a former theory will sufficiently account for all the facts, there is no occasion 
to have recourse to a new one, attended with no particular advantage,” might be 
taken to heart a little more in our own time. 

The author gives an adequate account of Priestley’s chemical work on gases. 
Perhaps a little more might have been made of Priestley’s experiments on plants, 
several of which revealed fundamental facts of plant physiology. Apart from this 
the only criticism this writer has to make is in regard to the statement that “ the 
Priestleys were a sturdy, long-lived stock, with the evenness of temperament that 
comes from generation'^s of healthy ancestors.” It would be* interesting to know 
what evidence forms the basis for the view that evenness of temperament is a result 
of “ generations of healthy ancestors.” 


12 


W. S. 
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Progress of Education in India, 1912-1917. Seventh Quinquennial Review. 

Vol. I. By H. Sharp, C.S.L, C.I.E. [Pp. folio ii + iv +215, with 45 

pages of illustrations.] (Bureau of Education, India, 1918. Price Rs, 3,10 

or 5J. (id) 

Fortunately for the reader, this Review of recent progress of education in India 
begins with an able summary, whereby the mass of statistics contained in the report 
becomes intelligible. If a fault is to be found anywhere in the matter of lucidity, 
it lies in the treatment of the examination system, or rather systems. These have 
such great influence, often disastrous, in India, that a short chapter might have 
been added to summarise and elucidate the references to the subject which are 
scattered throughout the volume. 

It is not easy for the Englishman at home to visualise the conditions in India, 
especially as regards education. Our own system, we think, is none too simple. 
There we have a white race ruling over an empire of many different races, 
religions, and castes; in which one sex is almost entirely illiterate; and in 
which hnt 3 per cent, of the population is undergoing instruction. The central 
Government, fortunately, has not made the blunder of trying to centralise educa¬ 
tion : it deliberately confines itself to the consideration of the various problems 
in the broadest manner and allows each province to continue to form and 
administer its own system. Education is mainly in the hands of the universities, 
local bodies, associations, and individuals. Even the privately managed institu¬ 
tions are in receipt of financial aid from Government or from local bodies. These 
private institutions include the purely indigenous schools in which are taught 
Sanskrit, Pali, Arabic, the Koran, etc. 

The schools are of three grades—primary, middle, and high. At about five 
years of age children may enter the primary schools, where the courses are 
designed to take five or six years, though most of the pupils leave after about four 
years. The instruction there is entirely in the vernacular. In some of the middle 
schools, too, no English is taught; in others, as in the high schools, although the 
teaching is in English, the vernacular is also taught. Still higher in grade come 
the colleges, which are affiliated to the universities. The education in the 
elementary schools is now so cheap that it lies within the grasp of all. A system 
of scholarships of gradually increasing value may carry a pupil from one institution 
to another until he may win a substantial post-graduate scholarship. 

The Review calls attention to the striking top-heaviness of the education. 
Although the percentage of the population enrolled in the elementary schools is 
less than it is in Russia or Brazil and is only about one-seventh of that in England, 
yet the percentage for the secondary schools is not far removed from the figure 
for this country, and it is also high in the case of the university colleges. The 
reasons given for these facts are:(i)the education is not compulsory, (2) child 
labour is prevalent, (3) those who are sufficiently enlightened to send their children 
to school frequently place a high value upon the education which is given. This 
disproportion seems to be growing ; and as those who leave school too early soon 
forget what they have learnt and in time marry totally illiterate wives, there are 
growing up two well-marked classes, the well-educated and the ignorant—an un¬ 
desirable state of affairs. 

The narrowness of the education is to be deplored. “ The higher education in 
India runs in a literary groove and the development of special vocational schools 
is far behindhand. The genius of the country is speculative rather than practical 
The literary courses lead to Government employ and are a necessary preliminary 
to the study and practice of the law. They adapt themselves to the traditional 
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method of teaching and to the highly developed memorising faculty which charac¬ 
terises so many Indian students. Technical and industrial studies . . . offer a less 
easy and less lucrative career.... Were industrial employment assured, students 
would readily come forward and technological institutions would fill and multiply.*' 
Yet the teaching of science has not been entirely stagnant. It has become a regular 
subject of instruction in Bombay, has become compulsory in the high schools of 
Madras and in the Madras matriculation examination, and optional in the 
corresponding examinations of the Punjab and Allahabad, The curriculum in 
science for the Bombay matriculation examination is on liberal lines and is far less 
dry and formal than in any matriculation examination in Great Britain. 

Speaking generally, the examination evil is very prominent. The schools are 
dominated by the system of external examinations, the passing of which is essential 
for employment. “ Considerable truth is lent to the idea that the modicum of 
knowledge which can be acquired by a close study and memorising of the text pays 
better than general mental development.” 

The influence of the war on progress has, of course, been harmful; yet it has 
not been wholly adverse : “ It has excited interest,” says the Bombay report, 

“ among people of all ranks and all ages in great world issues, enhanced their 
historical and geographical knowledge, broadened their outlook,. . . and united 
them in the common endeavour of all parts of the empire to contribute toward its 
successful prosecution.” One direct effect of the war has been the awakening of 
education in Mesopotamia. A new school for teachers and six Government schools 
have been established there. Six other schools are in receipt of State aid, and a 
school for instruction in surveying has been opened. 

Substantial progress has been made toward the Government of India's resolution 
of 1913, which indicated as an aim the doubling of the number of primary schools 
and pupils at no distant date. Thus the public expenditure on education has 
increased by over 50 per cent.; the number of pupils has grown by 16 per cent.; 
and the position of the teachers has been ameliorated. The 16 per cent, may 
seem small as compared with the $0, but the expenditure of every additional pound 
sterling has resulted in the addition of one pupil to the enrolment. Who would 
dare say that the money has been wasted ? • r 

During the quinquennium, not a little has been done to improve the position of 
education for girls, though great difficulties, especially of the social kind, have to 
be overcome. The number of girls under instruction has increased by 29 per cent. 
More striking still, the number of women training as teachers has grown by 74 per 
cent.; and two excellent colleges for women have been opened in Madras* The 
special difficulties in the way of education for the Muhammadans and certain wild 
tribes and depressed classes are also yielding in a remarkable manner. 

Coming to higher education : the five universities of Calcutta, Bombay, Madras, 
the Punjab, and Allahabad were founded between 1857 and 1887 ; and until quite 
recently the number had not been increased. These universities are mainly 
affiliating bodies, their chief work consisting in the prescription of courses and m 
the conduct of examinations. Development has taken place in these universities. 
Thus that of Calcutta now maintains a large law collep, has a college of science 
which is primarily intended for research, and has instituted a department of 
experimental psychology. The resolution of 1913 called attention to the necessity 
** to restrict the area over which the affiliating universities have control by secur¬ 
ing in the first instance a separate university for each of the leading provinces in 
India, and secondly to create new local teaching and residential universities within 
each of the provinces.” Since then, the following have come into existence: 
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the Benares Hindu University, the Patna University, the University of Mysore, 
and the Indian University for Women* The schemes for the Dacca, Rangoon, and 
Nagpur Universities have also progressed, although these have not matured. 

These are chief points of the Review, though much has of necessity been passed 
without comment. There are, for instance, chapters devoted expressly to pro¬ 
fessional and to technical education. Throughout the work there are frequent 
references to the social and economic conditions which bear upon the subject- 
matter. These help to enliven the work, as do the seventy-eight excellent 
reproductions of photographs —most of them of the buildings which have been 
erected during the period under review—which are printed as an appendix to the 
volume. While describing progress, no attempt seems to have been made to 
minimise the serious defects which still exist. The absence of any suggestion that 
those responsible will ‘^over-much recline upon achievement” is, perhaps, the 
happiest augury for the future of education in India. 

C. L, Bryant. 

The AustraJian Army Kedical Corps in Egypt, An Illustrated and Detailed 
Account of the Early Organisation and Work of the Australian Medical 
Units in Egypt in 1914-15. By Lt.-Col. J, W, Barrept, C.M.G., 
M.D.,F.R.C.S., and Lieut. P. E, Deane, A.A.M.C. [Pp. xiv + 260, with 37 
Illustrations.] (London: H. K. Lewis & Co., 1918. Price 12s, 6d,) 

In 1914 we should have thought that Macaulay’s Maori gazing on the ruins ot 
London was not much less likely to exist than an Australian R.A.M.C. “ orderly- 
for-the-day’'gazing on the ruins of Egypt; but it is never safe to prophesy. 
The world upheaval has brought many of us into strange lands, and the very title 
of a book like The Atesindian Anny Medical Cot^s in Egypt cannot but send 
a thrill through the veins of even the veriest Little Englander. The great Imperial 
dreams of statesman like Joseph Chamberlain have taken shape and awakened to 
real life at last, and Germany’s savage attempts to sever our Empire have but 
welded it more firmly together, in bonds that we trust may never come apart. 
Australia’s effort in the war will live for ever in the tales of Gallipoli, Egypt, and 
Flanders ; and her medical service (when it had overcome the initial difficilllies 
of new work in a new country) became as well organised a service as any that 
have taken part in the great war. 

The authors of this volume—Sir James Barrett and Lieut. Deane—arc well 
yoked in harness for the purposes of their book, for the one was the Registrar and» 
the other the Quartermaster of the first Australian General Hospital; and their 
work thus threw them together in the organisation and setting up of a^soo-bed 
hospital, which eventually became the “mother-hospital” of some 10,000 beds. 
Sir James Barrett is a well-known oculist in Melbourne, and was for a time 
A.D.M.S, of the Australians in Egypt, and afterwards a member of the Executive 
Committee of the British Red Cross there. He has criticised in this book in no 
mild terms some of the ways of the Australian Red Cross, and there is probably 
much searching of hearts in Australia at this moment as a result. Whether he 
was right will be a matter for the future to decide, but the system of dual control, 
with the balance of weight in favour of the civil authorities, which prevailed at 
one period of the existence of the Australian Red Cross, was probably not a good 
one in a theatre of war. 

The book is illustrated by many photographs, mostly by Pte, Frank Tate, 
and for a war-time publication is well got up by Messrs. H. K. Lewis & Co. 

T, R, SX.-JOllNSTON, 
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these will not stand examination. Whilst acknowledging this, it must be 
admitted that the book contains much interesting reading and much that is 
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RECENT ADVANCES IN SCIENCE 

I*BI£0S0PS7. By Hugh Elliot. 

The increasing influence of physiology in purely metaph37sical 
studies is apparent in many directions. An important book, 
The Origin of Consciousness, by Prof. Charles A. Strong 
(Macmillan & Co., Ltd., 1918), carries a step farther the doc¬ 
trine of panpsychism, by which some years ago the same 
author attempted to reconcile metaphysics with the conclusions 
of physiology. There are various conceivable ways in which 
the relation between mind and body may be imagmed ; there 
is the crude old view of interaction—^the theory of two dis¬ 
tinct existences acting on one another by forces analogous to 
physical forces ; there are the different varieties of parallelism, 
which regard conscious processes as shadowy accompaniments 
of brain processes, but inert and powerless to alter them: 
such was Huxley’s doctrine of epiphenomenalism; there is 
the theory that cerebral states cause mental states, but cannot 
be affected by them; and there is the reverse theory of 
Prof. Strong that mental states cause cerebral states, also 
without further reaction. The most notable feature in all 
recent discussions of this problem is the dominance of the 
pliysiological standpoint, and the marked tendency emerging 
therefrom to break down the old sharp distinction of mind and 
body, and adopt some land of monistic position. The belief 
is rapidly gainmg ground that the key to the problem lies in 
idenHty —as to how or where there is no general agreement; 
but an identity of something or other on the plane of mind 
with something or other on the plane of body. When the 
nature of this identity has been determined, the rest may 
follow with less difficulty. Indeed, physiology has already 
ruled out so many alternative hypotheses as greatly to 
narrow the range of speculation, and to surest that by a 
continuance of the process we shall ultimately be driven per 
exclusionem to the truth. The essence of the panpsychist 

13 
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theory, as stated by Prof. Strong, is “ the identification of 
the existence known to us in sense-perception, when what we 
perceive is the brain-process, with the existence known in 
introspection.” The argument is technical and difficult, but 
it is carried out on a strictly scientific basis. It still shows, 
perhaps, a tendency to regard mind too much as a thing, rather 
than a process : too much as an organ, rather than a function. 

Dualism, which is thus losing favour in psycho-physiology, 
has lost favour still more rapidly in other departments of 
philosophy. The old distinction between noumena and phe¬ 
nomena is abandoned by most philosophers. The new logic 
and the new psychology both lead to monism. In philosophy, 
as in physics, analysis discloses at the bottom a fundamental 
unity, in place of a superficial diversity. 

Much discussion has been stimulated by the issue of Brain 
for September 1918, in which the whole number is devoted to 
a single paper by Dr. Henry Head on Sensation and the Cerebral 
Cortex. A description of this paper does not lie within the 
purview of the present review ; of the many important philo¬ 
sophical corollaries flowing from it there need only be men¬ 
tioned the illustrations given of a gradual merging of the 
physiological into the psychical: the condemnation of the 
introspective method, owing to the fact that the elements of 
sensation are prepared in a physiological underworld which 
never attains the sphere of consciousness: and the division 
of sensation into three aspects («) recognition of spatial rela¬ 
tions ; ( 5 ) a graduated response to stimuli of different in¬ 
tensity; and (c) appreciation of similarity and difference in 
external objects. This paper indicates the final and complete 
subordination of psychology, which is established as a special 
branch of physiology. 

Students of Freud will welcome the new revised and en¬ 
larged edition of Papers on P^cho-Analysis by Dr. Ernest 
Jones (Baillifere, Tindall & Gjx, 1918). This work contains 
twenty-one new chapters added since the previous edition, 
which has been out of print for over three years. Dr. Jones 
is one of the small school who still remain whole-hearted 
believers in the Freudian doctrine; and his book constitutes 
by far the best account in the English language o!f that par¬ 
ticular school of Psychology. 

Another important publication is the authorised transla- 
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tion, by Dr. M. D. Eder, of Studies in Word-Association: Ex¬ 
periments in the Diagnosis of Psycho-Pathological Conditions 
carried out at the Psychiatric Clinic of the University of Zurich 
under the direction of Dr. C. G. Jung (Heinemann, 1918). It 
consists of a collection of papers published in the Journal fur 
Psychologic und Neurologic, by Jung and others of his school. 
The essence of this psychological method is in requiring the 
person experimented upon to respond to a given word by another 
word—^the first that comes into his head on hearing the word 
given. The reaction-time b then recorded. It is found to 
average 1*5 seconds for the educated; 2 seconds for the un¬ 
educated. It is much longer where the word given has a 
strong emotional tone. There b also wide variation in the 
type of assocbtion. The word *' bat,” for instance, may in¬ 
duce the response “ mammal ” or ” twil^ht,” etc., or a mere 
rhyming response like ” hat.” It b curious that the more 
superficial types of reaction are especially characterbtic of 
educated persons. The responses of the uneducated are 
deeper; with them words are more closely associated with their 
actual meanings, whereas in the educated they more resemble 
counters or symbols which are dealt with by the mind in rela¬ 
tive independence of their meaning. One paper by Dr. Bins- 
wanger deals with the psychogalvanic phenomenon, where the 
occurrence of emotional processes sets up deviations in a 
galvanometer connected to the person experimented upon. 
The whole method of word-association b of extraordinary 
interest, in bringing to the surface highly significant dues to 
the deep, concealed and unconscious mentality of the indi¬ 
vidual. 

Dr. Jung himself paid a visit to England in July; and 
on the I ith of that month read a paper at the Royal Society 
of Medicine in defence of a belief in the psychogenesb of mental 
diseases. He prefaced hb remarks by an attack on sdentific 
materialbm, though it is hard to see how the views which 
he put forward in any way conflicted with that philosophy. 
Materialism is simply a theory as to the nature of psychical 
processes ; the materialbt regards a psydiical or mental occur¬ 
rence merely as the outward symbol of some neural occur¬ 
rence, not yet experimentally belated; and he can have no 
objection to the theory that dbease may originate b^ dbturb- 
ances of nervous functioning in regiops less accessible to 
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observation, as much as in regions which happen to be more 
accessible. 

Some days later, Dr. Jung again addressed a joint meeting 
of the Aristotelian Society, the British Psychological Society, 
and the Mind Association in the course of a symposium held 
at Bedford College. At the time of writing none of the papers 
then read have yet been published, though they have been 
circulated privately. 

The British Journal of Psychology for May contains a paper 
on the Psychological Interpretation of Sense Data by John 
Laird ; and several papers on the eadstence of “ General 
Ability.” Professor Carveth Read discusses The Unconscious, 
especially emphasising that common cause of forgetfulness 
which is due to unconscious repression of disagreeable memories. 

Among the Monograph Supplements of the British Journal 
of Psychoh^ must be mentioned The Distribution of Atten¬ 
tion, by E. Neil McQueen, M.A., D.Sc. (Cambridge University 
Press, 1917), in which is discussed the capacity of dividing 
attention simultaneously on several subjects. This capacity 
does not appear to be specially characteristic of persons of 
high general intelligence. Motor abilities and general intelli¬ 
gence, on the other hand, seem to be inversely correlated. 
Where attention is simultaneously directed to two different 
operations, what actually happens is either that the attention 
alternates from one to the other, or that one of them becomes 
automatic, or there is a psydiical fusion of the two. The true 
fixation of attention on two separate tasks simultaneously is 
found to be very rare. 

The Revue Philosophique of January—February is notable 
for a long article by Dr. Pierre Janet, entitled Les fatigues 
sociaies et I’aniipathie. The main purpose of this distinguished 
writer is to insist on the contagious character of neurasthenic 
and hysterical conditions, as a result of which an affected 
individual constitutes a real danger to those with whom he 
lives. Dr. Janet points out, further, that mental instability 
is far more widely spread than commonly supposed, and that 
a very large number of people commonly regarded as normal 
are victims of minor mental disorders. We are glad to know 
that thfe extremely interesting article is being republished in 
a three-volume work by the author, entitled Les midications 
'p^tAologigues. 
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MATaElCATlCS. By Philip E. B. Jotjrdain, M.A., Cambridge. 

In the present summary, those references which consist of a 
number in parentheses after a man’s name refer to the pages 
of the last number which has appeared of the Revm SemestrieUe 
(1919, 27 . pt. i). This number is supposed to contain an 
account of publications in mathematics from April to October, 
1918—^though many of the papers reviewed in it are of earlier 
date (cf. Science Progress, 1919,13, 520). 

Education. —R. C. Archibald has published, with the co¬ 
operation of D. E. Smith, W. F. Osgood, and J. W. A. Young, 
a report on mathematical teaching in the countries represented 
in the International Commission on the Teaching of Mathe¬ 
matics of which the oi^nisation was begun at the Congress 
at Rome in 1908. At present 18 countries have already pub¬ 
lished 178 reports ; Germany has published 50, Great Britain 
34, and the United States 14. This report is the fifteenth of 
those published by the United States, and is entitled The 
Training of Teachers of Mathematics (Washington : Depart¬ 
ment of the Interior: Bureau of Education, 1918). 

Hints for a lecture at an undergraduate mathematical dub 
(cf. Science Progress, 1919, IS, 521) on the history of in¬ 
vestigations on the number ir are given in Anm. Math. Monthly 
(1919, 26 , 209-12). W. Dieck (22) writes on the foundations 
of geometry as an introduction to the theory of knowledge 
which is suitable for schools. Other papers of interest to 
teachers of mathematics are by C. Andriessen (31) and 
W. Lorcy (31). 

History. —^A new publication devoted to the history of 
science is the Archivio di Storia della Sciema, a quarterly pub¬ 
lished at Rome and edited by Aldo Mieli, of which the first 
number appeared in March 1919. The artides and notes which 
arc of the greatest interest in the present connection are as 
follows: A. Favaro (1, 28-38) gives the forty-first artide of 
his series on the friends and correspondents of Galileo: the 
article is on Matteo Car^io, and a note is given with detailed 
references to the previous forty articles of the series. G. 
Loria (*6 m?. 39-47) has a note discussing Cajori’s remarks in 
Science for 1918 on a history of mathematics in the nineteenth 
century. It is of interest that a methodical bibliography on 
Wprks of the history of sdence published in Italy will be under- 
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taken by the Archivio {ibid. 84-6). There is also a useful set 
of bibliographical and other notes {ibid. 76-83) on Leonardo 
da Vinci. The appearance of this new journal is a very wel¬ 
come s^ of the movement towards a systematic study of the 
history of science, which has occupied so much of our thoughts 
during recent years, chiefly owing to the work of Sarton and 
others (cf. Science Progress, 1919,14» 2). 

G. A. Miller {Math. Gaz., 1918, 9 , 247) draws attention to 
an error arising from Gow’s mistranslation of the German 
“ Ruthm ” which was used by Eisenlohr to translate an Egyp¬ 
tian word for a measure of length. Grow uses “ ruths,” while 
the Egyptian word was entirely different, hnd seems to have 
denoted certain pieces of wood. Thus it would seem natural 
to translate into English by'” rods,” which is the equivalent 
of “ Ruthen ” ; and “ Ruiken ” was perhaps used by Eisenlohr 
in a non-mathematical sense—since the length of this measure 
has not come down to us—just as our word ” rods ” is com¬ 
monly used in a non-mathematical sense. The error men¬ 
tioned has infected other books. 

L. M. Klinkenberg (49-50) continues and ends his papers 
(cf. Science Progress, 1919, 18 , 521) on ancient Greek geo¬ 
metry. J. A. Schouten (50) gives the first part of an address 
on modem geometry and algebra. M. Lecat (52) published in 
1916 a bibliography of the calculus of variations from its 
beginnings up to 1850. 

A posthumous article, which is to serve as an introduction 
to the book on Descartes Savant (cf. Science Peogress, 1919, 
14 4), by Gaston Milhaud {Rev. de, Mitaphys, 1919,26, 297-311), 
justifies in detail the belief of the author in the essential sin¬ 
cerity of Descartes ; the accusations of plagiarism which have 
so often been made against Descartes are explained by the 
” lesson which results with some dearness from the history of 
sciences, that there is a tdnd of current which dominates more 
or less individual researches at the same time, and which leads 
men of science to the same truths.” 

F. Klein, M. Brendel and L. Schlesinger (52) published in 
1918 the sixth part, by Ph. Maennchen, of their collection of 
mat^b for a scientific biography of Gauss (cf. Science Pro¬ 
gress, 1919,18, 522). 

Biographies of Darboux (cf. ibid. 346) have been written 
by M. d Aisonval and A. Lacroix (38) and t, Picard (38). An 
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account of the life and work of Milhaud (cf. above) is given by 
A. Lalande in GSn. des Sci. (December 15, 1918, 29). 
Among deaths of mathematicians not mentioned before in this 
quarterly may be noticed A. Benteli of Bern (November 10, 
1917, seventieth year); E. Ott of Bern (November 17, 1917, 
seventieth year); R. Jentzch of Berlin (March 21,1918); M. B. 
Weinstein of Berlin (sixty-fifth year) {Amer. Math. Monthly, 
1919, 86, 179). 

An account is given {Joum. Indian Math. Soc., 1919, 11, 
41—4) of the circumstances which led to the foundation in 1907 
of the Indian Mathematical Society by V. Ramaswami Aiyar, 
under the name of “ The Analytic Club.’* 

Logic, Principles, and Theory of Aggregates. —J. Nicod 
{Rev. de MStaphys., 1919, 26, 375-86) makes a critical study of 
E. Goblot’s TraiU de Logique (Paris, 1918), and gives an inter¬ 
pretation of some logical points in modem symbolic logic. 

H. Eklund (ii) criticises proofs of Schoenflies, Whitehead, 
Russell, and Brodi6n (cf. Science Progress, 1919, 18, 346), of 
the non-existence of “ aggregates which are members of them¬ 
selves,” and gives an attempt at a theory of such aggregates. 
H. Dingier (22) continues hb considerations on well-ordered 
aggregates, and gives a reduction to the axiomatic method of 
that part of Cantor’s work which relates to ordinal numbers. 
L. E. J. Brouwer (49) gives a set of additions and corrections 
to his Dissertation of 1907 on the foundations of science 
(cf. Science Progress, 1918, 18 , 3). 

In the theory of point-aggregates, Brouwer (46) considers 
linear inner limiting sets, and F. Hausdorff (23) gives a generali¬ 
sation of Carath^odory’s concept of measure. 

A. Reymond {Rev. de MStaphys., 1919, 26, 3X3“34)» in a 
sequel to a criticism of his which rests on a confusion between 
cardinal numbers and ordinal numbers, attempts to explain 
his view that, from a j>hilosophical point of view, the defini¬ 
tion given by Cantor of transfinite ordinal numbers can be 
attacked, although technically these numbers are legitimate ; 
and then attempts a strict definition of them. The confusion 
mentioned seems to be still in force, and to vitiate the pro¬ 
posed definition of transfinite ordinak as certain different 
arrangements of integer numbers, m which it is not stated 
whether the integers are cardinal or ordinal. D. Wrinch {Proc. 
Canihridge Phil. Soc., 1919, 219^33) investigates the neces- 
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sary and sufficient conditions that P® should be Dcdekindian 
or semi-Dcdckindian when P and Q arc well-ordered scries. 
In this notation the field of P® is the class of Cantor’s “ Bele- 
gungen." The greater part of the paper makes use of the 
symbols introduced by Whitehead and Russell in their Prin- 
dpia Mathematica. 

D. Hilbert (17-18 ; two papers) gives a research, based on 
the axiomatic method, on the foundations of physics, and 
F. Klein and Hilbert (21) contribute a note on the first of 
these papers. On the theory of relativity wc may notice 
papers by A. Einstein (14 ; tvTo papers), G. Nordstrom (48), 
A. D. Fokker (48), Sir Oliver Lodge (42), G. W. Walker (43), 
J. P. Kuenen (4^7)> L* de I®’ Rive (so). 

On the calculus of probabilities, cf. O. Knopf (31), J. Haag 
(34), and F. Schuh (48). 

Arithmetic and Theory of Numbers. —R. D. Carmichael 
(Amer. Math. Monthly, 1919, 26, 137-46) gives an account of 

Fermat's nmnbers ~ = 2*" -f i. In view of the known facts 
n 

77 

about the factors of —, Fermat’s question whether (2 &)®” + i 

ft 

F 

is always a prime except when divisible by an — is without 

further particular interest, and in the present paper all the 
essential facts known about the factorisation of the numbers 

JP 

— are gathered together and proved in the simplest ways pos- 

sible. Also a few minor results are given which appear to be 
novel. N. M. Shah and B. M. Wilson {Proc. Cawibridge Phil, 
Soc., 1919,19, 238-44) give some calculations which or^inated 
in a request made by G. H. Hardy and J. E. Littlewood that 
they should check a suggested asymptotic formula for the 
number of ways of espressing a given even number n as the 
Sum of two primes—Goldbach’s empirical theorem being 
that any even number is the sum of two primes. Other allied 
formulaB are also discussed. Hardy and Littlewood 
245-54) give some indication of the genesis of their particular 
formulae and others of the same character, S. Ramanujan 
{ibid. 207-10) guesses by induction a general theorem—as 
yet unproved—on congruence properties of p{n), the number 
of partitions of n, and gives proofe of two particular cases of 
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this general theorem. H. B. C. Darling {ibid. 217-8) also 
gives proofs of these two particular cases. G. H. Hardy (ihid. 
211-6) communicates, with an introductory note, simple proofs 
of certain identities in combinatory analysis by L. J. Rogers 
and S. Ramanujan. Rogers first discovered the identities in 
a paper published in 1894, and Ramanujan rediscovered them 
in 1913 ; since then three proofs have been published, but the 
present two proofs—^which are in principle the same—^are much 
simpler than any published hitherto. 

Cf. also J. G. van der Corput (48), A. L. Bartelds and F. 
Schuh (49), O. Szdsz (13), G. Humbert (33, 34, 35), W. Janichen 
(13), N. G. W. H. Beeger (45), V. Brun (ii), S. C. van Veer 
(so), G. H. Hardy (9), P. A. MacMahon (40), E. Maillet (37), 
E. Hecke (18 [two papers], 29), E. Landau (1$, 16 [two papers], 
18 [two papers], 24, 27), G. Pdlya (13, 20, 26). 

Algebra. —G. A. MUler {Joum. Indian Math. Soc., 1919, 11. 
S7“9) gives a new interpretation of the ordinary complex 
numbers a + bi as the translations in a plane defined by 
a; 4- o and y' = y + 6. In his words this is a new “ proof 
of the legitimacy ’* of complex numbers which “ is based largely 
on the group concept, but can clearly be given without the 
explicit use of this concept.” G. W. Smith {Amer. Joum. Math., 
1919, 41. 143-64) discusses nilpotent algebras generated by 
two units i and 3 such that is not an independent unit. 

G. A. Miller {Quart. Joum. Math., 1918, 48. 147-50) gives 
some theorems relating to substitution-groups on the terms of 
symmetric polynomials. 

Sir Thomas Muir {Proc. Roy. Soc. Edinburgh, 1919,89* 35-40) 
gives a note on the determinant of the primary minors of 
a special set of (n — i) — by — « arrays. W. H. Metzler {iind. 
41-7) exhibits the rational and real factors of certain forms of 
circulants. 

H. W. Turnbull {Proc. Lond. Math. Soc., 1919, 18, 69-94) 
shows how Gordan’s system of invariants for two quaternary 
quadratics can be very much simplified ; in fact, the system 
is reduced to 125 forms instead of Gordan's 580 forms.. Turn- 
bull {Proc. CanAridge Phil. Soc., 1919,19, 196-206), in connec¬ 
tion with this reduction, gives geometrical interpretations to 
most of the members of this system (which is here stated to 
number “ 123 at most ”). 

Cf. also D, R. Curtiss (10), O. E. Glerm (8), I. Schur (26-7, 
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■29), G. Szego (29), O. Blumenthal (28), C. H. Miintz (19), E. 
Fischer (15, 17), J- A. Schouten (47), E. Jahnke (12), G. Julia 
(3S> 33)> and H. B. A. Bockwinkel (47). 

Analysis. —G. Prasad {Bull. Calcutta Math. Soc., 1918, 9, 
1-9) studies in a number of typical cases the question of the 
existence of the normal derivate of the Newtonian potential 
due to a surface distribution having a discontinuity of the 
second kind. B. Datta {Amer. Journ. Math., 1919, 41> i33‘"42) 
obtains by a new method the chief results of C. Niven (1880) 
on the non-stationary state of heat in an ellipsoid, and shows 
how thb method can be applied to arrive at new results in the 
case of the ellipsoid with three unequal axes. A. E. JoUiEPe 
{Proc. Cambridge Phil. Soc., 1919,19, i9i-S) proves a generalisa¬ 
tion of the theorem previously proved on certain trigonometrical 
series which have a necessary and sufficient condition for 
uniform convergence by T. W. Chaundy and himself (cf. 

■ gcxENCE Progress, 1916, U, 269). S. R. Ranganathan 
(Joum. Indian Math. Soc,, 1919, 11, 50-6) establishes the 
I^ourier expansion of Bernoulli’s polynomials, and deduces the 
sums of certain interesting t3q)es of series in a finite form. 

On the theory of functions of real variables, cf. E. Landau 
(13), J. Wolff (49), H. Bremekamp (49), M. T. B&itch (33, 34), 
G. Julia (34), C. J. de la Vall6e Poussin (34, 35), A. Den joy 
(31), T. Fort (10), G. Pick (15), W. G. Simon (10), P. J. Daniell 
(10), A. F. Andersen (n), J. Kiirschdk (21), C. Carathdodory 
(28), H. Hahn (25), S. Bernstein (22), J. P6rfes (34, 35), O. 
Szdsz (21, 26, 30), B. Jekhowski (32), and K. Knopp (13). On 
the general theory of analytic functions, cf. Valiron (32, 33), 
O. Szdsz (26), W. Schmeidler (22), R. Kon^ (21, 23), P. Stdckel 
(21), J. Schur (21), L. Lichtenstein (20, two papers), S. Latt^ 
(33), J‘ F. Ritt (32), G. Faber (30), and H. Bohr (19); on 
conformal representation and so on, cf. H. Bohr (29), C. Cara- 
thdodoiy and H. Rademacher (11), P. 1. Helwig (48); on 
special functions, cf. G. N. Watson (40, 43), 0. Szdsz (26), G. 
Kck (25), E. Hilb (25), N. Nielson (11), H. B. A. Bockwinkel 
(4S)» J* C. Klujrver (45), N. G. W. H. Beeger (49), L. Crijns (49), 
W. C. Post (so), and E. Hecke (15). 

S. Banerji {Bull. Calcutta Math. Soc., 1918, 9, 43-58) treats 
in detail the problem of the forced vibrations of a hetero¬ 
geneous string, which is a case of boundary problems of ordinary 
differential eouations. A. L. Nelson I Amer. loum. Math.. loio. 
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4l> 123-32) has a note on seminvariants of systems of partial 
differential equations. 

On ordinary and partial differential equations, cf. F. A. 
Willers (13), J. B. Pomey (36), G. Hamel (27), O. Perron (24), 
E. Hilb (19), R. Gamier (31, 33), T. Has^ashi (49), L. Fej^r (25), 
G. Giraud (35), and H. Liebmann (30). On the calculus of 
variations, cf. W. Blaschke (25), and K, Boehm (16); on 
difference equations, cf. J. Horn (25); and on integral equa¬ 
tions, cf. L. Lichtenstein (27), J. Horn (13), T. Lalesco (32, 34), 
and Picard (32). 

Geometry. — k. Emch (Amer. Math. Monthly y 1919, 26» 194- 
201) gives a long and detailed review of Veblen and Young’s 
Projective Geometry (cf. Science Progress, 1919, 18 , 669). 

S. M. Ganguli {Bull. Calcutta Maih. Soc., 1918, 9, 11-8) 
introduces a new method of studying inclinations of spaces of 
any given number of dimensions less than n which are con¬ 
tained in a space of n dimensions. A systematic algebraic 
treatment—^as distinguished from geometrical points of view 
—of the subject is attempted on simple principles which are 
applicable only to Euclidean spaces. 

R. Vythynathaswamy {Joum. Indian Math. Soc., 1919, 11, 
46-9) gives some theorems on conics with vanishing 0, &. 
P. Franklin {Amer. Math. Monthly, 1919, 26, 146-51) discusses 
the problem in solid geometry analogous to that of the con¬ 
struction of a circle in a plane from three elements (points, 
tangent lines, or tangent circles), which is the determination 
of a sphere from four elements (points, tangent planes, or 
tangent spheres), and is greatly simplified by the use of 
certain principles given. W. Sensenig {Amer. Joum. Math., 
19*9, 41, 111-22) discusses the invariant theory of involutions 
of conics. 

C. E. Cullis {Bull. Calcutta Math. Soc., 1918,9, 23-42) shows 
(i) that rotations of a rigid body about concurrent axes fixed 
in space can be replaced by the same rotations about the same 
axes moving with the body, provided that the order in which 
the rotations are applied is reversed ; (2) that the polar of a 
spherical polygon admits of a unique definition and has the 
same uses as the polar of an ordinary spherical tiiangle; 
(3) that these results can be used to obtain complete general¬ 
isations of Rodrigues’ and Sylvester’s theorems regardii^ 
rotations. 
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E. H. Neville {Proc. Cambridge Phil. Soc., 1919, 19 . 234-7) 
proves, in a form purely intrinsic, the relation discovered by 
Bonnet between the integral curvature of a bounded region on 
any bifacial surface and the integrated geodesic curvature of 
the boundary. 

On geometry cf. W. Blaschke (13), F. Schuh ( 49 )> G. C. A. 
Koopmans (50), V. Thdbault (36, 37), A. Auric (36), De Pulligny 
(33), M. BriUouin (32), H. Wolff (31), R- Lohnstein (31), W. A. 
Wythoflf (46), M. Pasch (21), E. Kruppa (14), N. Agronomof 
(37)> R- Bricard (34, 36), P. Appell (36), R. Goormagtigb (36, 
two papers), R. Sturm (29, two papers), W. A. Versluys (46, 
49), M. WeUl (36), F. Balitrand (36), A. Myller (36), G. Darboux 
(35), A. Buhl (35), H. du Bois (12), R. de Montessus de Ballore 
(32), B. Giovanni (44), C. Segre (44), H. Mohrmann (19, 23), 
E. Miiller (12), S. Jolles (24, 28), T. Reye (24), L. Braude (12), 
P. Tortorici (44), R. Bouvaist (36), K. Popofif (12), C. Guichard 
(32), H. Vermeil (20), E. Magm (12), J. de VrieSk (44» 4S» two 
papers), C. H. van Os (46), J. Andrade (34), B. P. Hallmeijer 
(44, 46), A. D. Fokker (46, 50), A. Denjoy (45 > 4^)> A. Wiuter- 
iiitz (28), H. Berliner (22), J. A. Schouten (44. 4S)» and 
J. Arnovlievitch (36). 

ASTBONOUT. By H. Spencer Jones, M.A,, B.Sa, Royal Observatory, 
Greenwich. 

The Parallactic Motions of the Stars. —Astronomers arc under 
a great obligation to Prof. Kapteyn and his collaborators at 
the Astronomical Laboratory at Groningen for their valuable 
discussions of lai^ masses of statistical material bearing upon 
the arrangement of the stars in space. They have shown a 
remarkable skill in dealing with diverse results, and though 
some of their earlier conclusions were based upon compara¬ 
tively scanty material, there has been no reason to doubt their 
substantial accuracy. Of recent years, largely through the 
development of new methods, much additional material has 
accumulated. Thus, in Groningen Publications, No. 8, the 
determination of the sim’s velocity was based upon the radial 
velocities of only fifty-one stars. Reliable determinations are 
now available for nearly two thousand. As regards directly 
determined, or trigonometrical parallaxes, our knowledge is 
aocumnlating at a remarkable rate, and is probably at least 
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twentyfold what it was in 1902 ; further parallaxes to the 
extent of three or four hundred will be published very shortly 
from the Allegheny and Leander McCormick Observatories. 
It is now possible to discard all the visual determinations 
except the best of those made with the heliometer, as modern 
photographic methods give results with a much smaller prob¬ 
able error. In addition, a large number of determinations by 
the spectroscopic method are accumulating at the Mount 
Wilson Observatory, and their publication is being temporarily 
deferred merely until the method of reduction has been made 
definitive. Shortly we may expect the publication of hun¬ 
dreds, if not of thousands, of spectroscopic determinations. 
The number of accurate determinations of stellar apparent 
magnitudes, both visual and photographic, also shows a 
remarkable increase since 1902 : in fact, no really accurate 
photographic determinations of magnitude were available 
before 1902. Much work has been done of recent years at 
Greenwich in this country, at Harvard and Mount Wilson in 
America, and at Potsdam in Germany, towards increasing our 
knowledge in these directions. The difference between the 
photographic and vbual magnitudes is called the colour-index 
of a star, and can be correlated with its spectral type. Our 
knowledge of the spectral types of stars is mainly due to the 
valuable work done at the Harvard College Observatory, and 
it will be enormously increased when the publication of the 
valuable Henry Draper catalogue (the first volume of which, 
covering ok to 4A of right ascension, has already appeared) is 
completed. Further, the accurate determinations of the 
proper-motions of the stars show a great increase, as the 
interval of time since the first reliable determinations of posi¬ 
tion increases. The Greenwich and Albany Observatories 
have done much towards increasing the number of accurate 
proper-motions. 

In view of this enormous increase in the material available 
for statistical discussion, Prof. Kapteyn has commenced a 
revision and extension of some of his earlier investigations. 
These earlier results were mainly applicable to the mean of the 
whole stellar system: an attempt is now being made to ex¬ 
tend them for different galactic latitudes, over fainter stars 
and over the several spectral classes.> In Groningen PuUica- 
Hom, No. 29,1918, he discusses the mean parallaxes of stars 
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of different magnitude, galactic latitude, and spectrum; and a 
further publication is foreshadowed, dealing with the number 
of stars of determined magnitude, galactic latitude, spectrum, 
and proper-motion. The publication under review is divided 
into two parts : in the first the mean secular parallaxes of 
stars of different galactic latitude and magnitude are determined. 
The various material is collected, reduced to a common basis 
and discussed, and it is concluded that the logarithm of the 
secixlar parallax can be expressed by the formula— 

log (secular parallax) =* — 0*428 — 0*096 cos 26 — 0*1373 w, 

where b is the galactic latitude and m is the apparent visual 
magnitude. The secular parallaxes require to be multiplied 
by o’243 to reduce them to annual ones. In the second part 
of the publication the result is extended, and formulse of a 
similar nature are derived which are applicable to the several 
spectral types separately. A comparison between observed 
values and those computed from the formulae shows a very 
satisfactory accordance. At the end of the publication are 
given tables for the mean secular parallaxes of the separated 
types, tabulated according to visual magnitude and galactic 
latitude. 

The Navigation of Aeroplanes ,—An interesting article by 
Prof. H. N. Russell, in Pub. Ast. Soc. Pacific, 31 , 130, 1919, 
gives an account of some investigations made by him on the 
determination of the geographical position of aeroplanes by 
means of sextant observations made during flight. The in- 
vesti^tions were made under the authority of the Division 
of Science and Research of the U.S. Bureau of Aircraft Pro¬ 
ductions, and Prof. Russell was assisted by Mr. J. P. Ault, 
navigating officer of the non-magnetic vessel Carnegie, of the 
Carnegie Institution. The development of long-distance 
aeroplane fights renders this problem one of great importance, 
which even the improvements in directional wireless teleg¬ 
raphy do not lessen. As bearing upon this question, it is of 
interest to recall that General Maitland, in his log of the voyage 
of the R34, puts on record a statement by the navigating 
oflScer that an error in position of fifty miles was easily possible 
from sextant observations using a doud horizon. 

Prof. Russell states that there is no difficulty in using a 
seataut in an aeroplane provided that it is small and light. 
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and that, if a telescope is used (one is not really necessary), 
it should have a low power and a large field of view. The 
graduations should be very clear, so as to be easily read, and 
a vernier can be dispensed with. When above flat land or 
in sight of sea, observations on the natural horizon can be 
made as easily as at sea, and almost with the same accuracy, 
the best and most distinct hdrizon being provided by level 
land. The value of the dip, of course, reaches remarkably 
high values, but even up to an altitude of 10,000 feet it is 
found that the relation holds that the dip in minutes is equal 
to the square root of the height in feet. With a good horizon 
the average error of one observation is only about two to 
three minutes of arc, which fixes the Sumner line with sufficient 
accuracy. 

Under average conditions, there is too much haze for 
observations to be made on a land or sea horizon at a height 
exceeding one or two thousand feet. Frequently the haze 
has a sharp upper boundary at a definite level presenting a 
definite “ false horizon,” which is usually sharp in a direction 
opposite to the sun. Provided that the height above sea-level 
of the top of the haze is known, which can be determined with 
the aneroid during ascent or descent, observations upon such 
false horizons may in general be used, and accurate results 
obtained. Occasionally, however, very large errors were 
obtained, the causes of which were investigated. It was found 
that at times the siurface of the haze was irregidar, so that, 
instead of a true horizon being observed, the apparent boun¬ 
dary was the top of a ridge of haze, rising above the general 
level: thus, in one instance, the observations were in perfect 
accordance with the existence of a ridge at a distance of roo 
statute miles and at a height of 14,800 feet above the sea-level. 
Since the earth’s surface curves away from the tangent by 
6,600 feet in 100 miles, the ridge was on the theoretical horizon 
of the observer at a height of 8,200 feet, and at lesser he^ts a 
negative dip was obtained. It is therefore of extreme impor¬ 
tance to make certain that the haze is imiform: this can be 
tested with a dip-measuring instrument, which permits a direct 
determination'of the amount by which the angular distance of 
two opposite parts of the horizon differs by i8o®. 

Frequently, however, weather conditions are such that 
observations, even on a haze horizon, are not possible. The 
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problem then is equivalent to that of finding the true vertical 
in a moving aeroplane. This is rendered difficult by the non- 
uniform motion of the aeroplane, which alters the apparent 
direction of gravity. Prof. Russell points out that, if a devia¬ 
tion of I s' is adopted as the greatest allowable, the speed of the 
aeroplane must never be permitted to change at a rate exceed¬ 
ing one mile per hour in ten seconds, nor must the radius of 
curvature of the path be less than ten miles (assuming a speed 
of sixty miles per hour). This requires careful piloting, but 
is possible with a good pilot who is accustomed to his machine. 
The first apparatus used was in the form of an artificial horizon, 
and consisted of a pendulum mounted in gimbals so as to 
swii^ with freedom in any vertical plane, and bearing at its 
upper end a mirror adjustable so that its reflecting surface is 
horizontal when the pendulum swings freely. The lower end 
of the pendulum swnng in viscous liquid to damp its motion, 
and the whole instrument was enclosed in a case with a glass 
cover, for protection firom wind. The observations with such 
an instrument are similar to those with a mercury horizon, 
and, in spite of small, rapid vibrations, exhibit no difficulty 
after a little practice. This instrument was found to give 
satisfactory results, provided the machine was not accelerated, 
but suffered from the disadvantages of being heavy, difficult 
to move, and at times inconvenient for observation. 

It was replaced by a bubble sextant, which is an attach¬ 
ment to the telescope of an ordinary sextant, containing a 
level bubble which is reflected into the field of view of the 
telescope. Any object which appears to be superposed on the 
centre of the bubble will actually be on the true horizon. The 
manipulation of this instrument is similar to that of a sextant: 
it is not affected by engine vibration, and wind does not usually 
offer any serious inconvenience. Accelerations of the motion 
of the aeroplane are not so conspicuous as with the artificial 
horizon, and with good pilotii^ results of sufficient accuracy 
are easily obtained, by taking the mean of several consecutive 
readings. 

Prof.^ Russell gives particulars of the reduction of the 
observations, which follows St. Hilaire’s well-known method. 
He states tlmt the average time required to secure a set of 
ten observations was 4*5 minutes, three minutes were required 
for computation, and two minutes for plotting the Sumner 
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line. As an example of the practical results, a summary of 
several sets of observations is given, which shows an average 
error of position of only about lo miles; this accuracy is 
amply sufficient for the practical purposes of aerial navi¬ 
gation. 

The following are some of the more important papers 
recently published : 

Lau, H. E., Beobachtungen des Planeten Mars (4th paper), Ast, Nach,^ 208 , 
No. 4983,1919. 

Chapman, S., Theones of Magnetic Storms, Observatory^ 42 ,196,1919. 

Hale, G. E., Ellerman, F., Nicholson, S. B., and Joy, A. H., The Magnetic 
Polarity of Sun-spots, Astroph, Joum,^ 49 ,153,1919. 

Fowlfr, a., and Gregory, C. C. L., The Ultra-violet Band of Ammonia and its 
Occurrence in the Solar Spectrum, Trans. R, 5 ., Ser. A, 218 , 351, 1918. 
Carter, E., and King, A. S., A Further Study of Metallic Spectra produced m 
High Vacua, Astroph. Joum.y 49 , 224, 1919, 

Lunt, J , The Spectra of Nova Aquilae No. 3: I, The Dark-line Spectrum, 
R.A,S.i 76 , 416,1919. 

Shapley, H., Studies based on the Colours and Magnitudes in Stellar Clusteis: 
XI, A Comparison of the Distances of Various Celestial Objects, Astroph. 
Jmm.^ 49 , 249,1919. 

SUPHER, V. M., On the General Auroral Illumination of the Sky and the Wave- 
lengdi of the Chief Aurora Line, Asiroph. Joum.y 49 , 266,1919. 

Guthnick, P., Kunstliche Lichtkurven, Ast. Nach , 209 , No. 4993» 1919 - 
Smart, W. M., The Position Line in Navigation, R.A*S.^ 79 , 520,1919. 

KETEOBOLOGT. By K V. Newnham, B.Sc., Meteorological Office, 
London. 

Note on Tornadoes, by J. Logie.—This paper was read before 
the Royal Meteorological Society on June i8, 1919, and will 
appear shortly in the Quarterly Journal of that Society. 

The ordinary convectional theory attempts to explain the 
very low pressure near the centre of a tornado in the following 
way: Unequal heating of the ground causes a rising current 
of warm air which is maintained at a temperature higher than 
that of the surrounding air by means of the heat liberated by 
the condensation of water vapour which is required for the 
formation of the furmel cloud. Air moves in towards the 
centre along a spiral track, and in accordance wfth the prin¬ 
ciple of the conservation of angular momentum, acquires a very 
great rotational velocity as it nears the centre. There is a 
great reduction of pressure as a result of the centrifugal force 
of the revolving air. The author comes to the conclusion that 
the heat liberated by condensation of water vapour is not 
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sufficient to produce a tornado of such violence as actually 
occurs in nature, his argument being as follows : 

^ =-(^+A)D . . .(i) 

where p is the pressure at height h 

g is the acceleration due to gravity 
, A is the vertical acceleration of the air 

D is its density 

is an equation which is true within the core of a tornado, as 
well as in the outside air. At the ground-level there is a dif¬ 
ference of pressure between the core and the outside air, which 
decreases to zero at that height where the rotational move¬ 
ment comes to an end. It follows that the mean value of ^ 
must be less inside the core than without. Now, the accelera¬ 
tion A would increase numerically the value of ^ given by 

equation (i) if it were directed upwards, but, on the other 
hand, there cannot be an appreciable downward acceleration 
if the tornado is to persist for any lei^h of time. 

Taking, then, ^ ~ • • ♦ (^) dimply, and using the 

equation p — R D T 

where R is Charles’ constant for air 
and T is the temperature at any point 

we get ~ g 

pdk RT 

JB pH 

and therefore log p = ^ • (s) 

where B = barometric pressure at the ground 
P = barometric pressure at the top 
H as height of the tornado 
M — harmonic mean of T. 

Outside the tornado the same equations apply, and the follow¬ 
ing relationship is arrived at: 
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where N is the harmonic mean temperature of the outside 
air, and C is the surface pressure. 

Exact data are not available for the he^ht to which a 
tornado extends, nor for the reduction of the surface pressure 
within the core. Six possible cases are considered—^namely, 
where the reduction of pressure is 50 millibars, and the height 
of the disturbance is s, 10, or 15 kilometres, and where the 
reduction is 250 millibars and the heights are the same. 
Average conditions of temperature and pressure give for 

1. 5 km. tornado C = 1008 mb- P= 534 mb. N — 270° A. 

2. 10 km. tornado 1008 mb. P=26omb. JV = 255® A. 

3. 15 km. tornado C = 1008 mb. P= 125 mb. N = 230® A. 

and using equation (4) the following figures are arrived at: 

Tornado in which B ss C - sa Tornado in which B s C -* 050* 
Height. N^M. N-M. 

5 km. 23® A. 220® A. 

10 km, 10® A, 68® A. 

1$ km. 5 ° A. 36® A. 

These figures give the difference between the harmonic mean 
temperature inside and outside the core, but also give vnth 
sufiScient accuracy the difference between the arithmetical 
means. ^ 

The lapse-rate for ascending saturated air is about 6® A. per 
kilometre less near the ground than it is for dry air, and the 
two become nearly equal at 10 kilometres height. The maximum 
difference of temperature that could be established in this way 
amounts to only about 30® A. Now N—M exceeds this for all 
possible tornadoes of the class where C — B = 250 millibars, 
therefore these cannot be explained as due to saturated 
ascending air. The class in which the reduction of pressure 
at the surface is only 50 millibars is on a somewhat different 
footing, and might perhaps be e:^lained in this way; but the 
margin is not so great as it appears to be at first sight, since the 
atmosphere in reality seldom, if ever, has the dry adiabatic 
lapse-rate from the ground up to a height of 5 kilometres or 
more, and a temperature difference of 30® A. could not be 
established m this way with a less rapid lapse-rate. 

The author su^ests, as an alternative theory for explain¬ 
ing the warmth within the core, that air occasionally has its 
electrical conductivity increased over a particular region, 
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either because it has rested for some time over ground of 
superior radio-activity, or because it contains an excess of 
oxides of nitrogen, or ozone. Should such air be drawn into 
an ordinary thunderstorm, it would offer an easy path for 
the discharge of lightning, and would have its conductivity still 
further increased thereby. A series of discharges might take 
place, and if an eddy were formed the heated air would not 
be so easily dissipated into the surrounding air as would 
happen in the case of an ordinary l^htning flash. If the 
supply of electrical energy were great enough, a tornado might 
be formed in this way. 

Wind- und Wasserhosm in Ewropa. Alfred Wegener (Vieweg 
& Sohn, Braunschweig, 1917). 

This book deals at considerable length with European 
tornadoes {“ grosstyomben ”); but whirlwinds in which there 
is not sufficient reduction of pressme for the formation of 
either a f unne l doud or a waterspout, and which are visible 
only as dust-whirls (“ kleintromben ”), are not included. 

In the early part of the book there is a catalogue of 244 
observations of tornadoes, and a full description of eleven of 
these is given. The author then passes on to a statistical dis¬ 
cussion of the whole of the material that he has collected, 
and gives (Chapter IV) curves showing the monthly frequency 
of tornadoes in Europe (maximum in July) compared with those 
for America (maximum in May). The curves in both cases 
follow those for thunderstorm frequency very closely. The 
hourly frequency has its maximum between 16 and 17 hours in 
both Europe and America, the thunderstorm frequency again 
showing a close agreement. Davis has shown that in North 
America the tornado almost always occurs in the S.E. quadrant 
of a depression, but of the 49 European cases which admit of 
this kind of classification, 20 occur in the S.W. and 29 in the 
S.E. quadrant. Turning to the question of the direction of 
movement, in both countries this is most frequently from 
SW. or W.; in North America, 87 per cent, have been found 
to move from these points, for Europe the author obtains the 
lower figure of 52 per cent. The rate of travel is more often 
than not under 5 metres per second, but in a few instances 
amoimts to as much as 20 metres per second. Both the length 
of track and the duration of the phenomenon show great 
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variations. There are very few cases where the total life of 
the storm amoimts to an hour, or where the distance traversed 
is as much as 100 kilometres. 

All the remaining part of the book, vith the exception of 
the last chapter, which gives a brief summary of current 
theories regarding the origin of tornadoes, is devoted to a 
very detailed discussion of the appearance of the tornado 
cloud in all its stages, and of the wind and weather in its ne^h- 
bourhood. Of especial interest is the discussion (p. 104-6) 
as to whether a tornado ever occmrs without thunder and 
lightning. The evidence shows that this happens very sel¬ 
dom, if ever. The observations also suggest very strongly 
that the funnel cloud does not depend from the central region 
of the Cumulo-Nimbus cloud under which it forms, but from 
the margin. There are numerous cases where it forms between 
two neighbouring thunderstorms, but this is by no means a 
necessary condition for its formation. The surroimding winds 
are as a rule light, because the type of thunderstorm forming 
in still and sultry weather more often gives rise to a tornado 
than does the type which accompanies cyclonic depressions. 

InvesHgations on Lightning Discharges .—The Sixth Annual 
Report of the University of Cambridge Solar Physics Observa¬ 
tory contains, under the section for Meteorological Physics, 
an account of important invest^ations on lightning discharges 
by C. T. R. Wilson. There is evidence in support of the 
theory that most positive discharges take place between the 
earth and the negatively-charged upper portions of a doud, 
while a negative discharge is, as a rule, between the earth and 
the lower positively-charged part. The energy dissipated in 
an average flash is calculated to be between lo* and io‘* joules. 

Rainfall in England: The True Long-Average as Deduced 
from Symmetry. By Alfred A. Barnes, A.M.I.C.E, (Quart. 
Journal Royal Met. Soc., July 1919)- 

The Secular Variation of Rainfall .—By C. E. P. Brooks, 
M.Sc. (Quart. Journal Royal Met. Soc., July 1919). 

Two new cloud atlases have been published': 

Le Nuhi (Rome, 1917).—An Italian official publication. 

Naval MeteorologicaJl Cloud Atlas. —Published'and issued by 
the Hydrographer of the Navy, London, S,W. 

The first of these is photographic, while the second is illus¬ 
trated by oil paintings by G. A. Clarke, of Aberde«a. ' 
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PBTSIGS. By Jambs Rice, M.A., University, Liverpool. 

Prof. Sir Ernest Rutherford has contributed four papers 
to the June Phil. Mag., dealing with the collision between a 
particles and light atoms. These papers contain results for 
hydrog'^n, oxygen and nitrogen atoms, and in the case of the 
last, evidence is advanced in favour of the view that in certain 
cases disintegration of the nitrogen atom results from collision 
with a particles. 

In the experiments the source of radiation was a small brass 
disc which had been exposed for a few hours, with an assisting 
electric field, to radium emanation in the usual manner. This 
renders the disc active, and twenty minutes after removal from 
the emanation, the o radiation arises entirely from radium C, 
and is homogeneous with a range of 7 cms. in air. Such an 
active disc was mounted in a tube which could be exhausted 
and filled with the gas under consideration. A small opening 
at one end was covered with a thin plate of a metal such as 
silver, aluminium, or iron. A zinc sulphide screen was mounted 
just outside this cover, about i mm. away, and viewed by a 
microscope, so that scintillations on the screen could be noted 
and counted in the usual way. 

In order that none of the scintillations on the screen should 
be due to impact of the a particles themselves on the zinc 
sulphide crystals, it was necessary to ensure that the screen was 
beyond the range of these particles— i.e., that the combined 
stopping power of the gas m the tube and the thin metal plate 
covering the opening should be at least equivalent to 7 cms. of 
air. Under these circumstances scintillations still exist, as was 
shown by Dr. Marsden, one of Prof. Rutherford’s co-workers 
{Phil. Mag., xxvii, 1914). These scintillations arc due to the 
m^ei of light atoms set into swift motion by intimate collisions 
with a particles, which thus acquire velocities that carry them 
in some instances into impact with a luminescent screen placed 
far beyond the range of the c* particles. Thus Marsden was 
able to detect scintillations presumably due to hydrogen nuclei 
(set in motion by the a particles from radium C) which had 
travelled over loo cms. in that gas from the place of impact, 
a distance nearly four times as great as the range of a particles 
in hydrogen, viz. 2 8 cms. There was evidence also in Marsden's 
opinion that hydrogen nuclei are ejected by the radio-active 
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matter itself. Th departure of Dr. Marsden on active service 
interrupted the work ; but Prof. Rutherford, in view of the 
importance of this latter result if substantiated, has contrived, 
despite considerable pressure of war work, to continue and 
extend the experiments in greater detail during the past five 
years. It is difiicult to give a decisive answer on the possibility 
that hydrogen is a product of radio-active change, on account of 
the numerous factors involved. Firstly, it is difficult to be sure 
of the absence of hydrogen as a contamination in the source 
and absorbers of the radiation. Secondly, in experiments on 
impact between a particles and hydrogen atoms in the apparatus 
referred to above, the number of scintillations due to atomic 
nuclei set into swift motion by collidmg a particles is much 
greater than is to be expected on simple theory. Thirdly, 
both nitrogen and oxygen atoms are also set in such swift motion 
by collision with a particles that they cause scintillations outside 
the range of the a particles. In fact, in Marsden’s early experi¬ 
ments a large number of scintillations were probably not due 
to H atoms at all, but to high-velocity N and O atoms produced 
from the air between the source and the screen. It is on the 
latter two points that Rutherford concentrates in these four 
papers ; for a satisfactory analysis of them is essential before 
any safe opinion can be formed on the radiation of H particles 
from radio-active matter. 

At the time when Marsden was engaged on his experiments, 
Dr. C. Darwin, another worker in the Manchester laboratories, 
subjected the question of collision between a particles and atoms 
to mathematical analysis. Assuming that the forces involved 
arise from the charges carried by atomic nuclei which are to be 
regarded as points, and also assuming the inverse square law, 
Darwin was able to derive a formula for the number of swift 
velocity H atoms produced by a given stream of a particles 
with a given range, per cm. of their path. There will be, for 
instance, a certain maximum range for these H atoms, a range 
attained, doubtless, by such atoms as suffer a direct “ head-on ” 
impact from an a particle. For example, this is 28 cms. in air 
for H atoms set in motion by a particles with a range of 7 cms. 
in air (those from radium C). (If the a partides have a smaller 
range, the maximum range of the resulting swift H atoms is 
also smaller, but always about four times the range of the a 
partides). Extremely few of the H atoms will, however, be 



208 SCIENCE PROGRESS 

set in motion by such a “ head-on ” collision. “ Oblique 
impacts ” will be much more numerous, leading to smaller 
resulting velocities, combined with angular deviation of direc¬ 
tion from the path of the original a-particle stream. Darwin 
found that the number of H atoms with a raiige not less than 
i/w th part of the maximum range bore to the number of a 
particles a ratio equal to 

(i) 

where a is a constant depending on the range of the a particles 
used. Thus for a particles with a range of 7 cms. a =* 1*46 x 
io-« ; for shorter-range a particles it is larger, varying in fact 
inversely as the 4/3 power of this range, so that, e.g., for a par¬ 
ticles with a range of S cms., «==*(7/5)‘x 1*46 x lo**. 

The main result of Rutherford’s work on hydrogen is to 
show that the number and distribution of the swift H atoms 
is entirely different from that suggested by the formula. 
According to it, the fraction of a particles giving rise to H 
atoms with ranges equal to or greater than R/m [i? = maximum 
range] should decrease, as m decreases, to a zero value when 
»* = I corresponding to the maximum range—result which 
might be readily anticipated on general grounds. Instead, 
Rutherford found that there was no decrease in the observed 
fraction for ranges of H atoms between 9 and 19 cms.; there¬ 
after there was a slow decrease for longer ranges, followed by a 
rapid fall to zero as the range approached the limit 28 cms. 
He was using a particles from radium C with a range of 7 cms., 
and the ranges above are estimated in air. Using a particles 
with a,smaller range, the same general result was obtained— 
the observed fraction never decreased as rapidly with decreasing 
m (i.e. increasing range) as the law indicated, using a particles 
with ranges above 3 cms. 

Even when the law in (i) is fairly well obeyed, as is the 
case when a particles writh ranges under 3 cms. are used, the 
observed number is greater than the calculated— i.e., the ob¬ 
served constant, a, in (1) is greater than the calculated constant, 
{7/3)* X I’46x io-«, etc. 

Rutherford concludes that the assumptions at the base of 
Darwin’s analysis cannot be justified. He advances calculations 
to show that in these phenomena the nuclei of the a particles 
and the H atoms must in some cases approach as near as about 
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3 X ro““ cm. Physicists have on occasion assumed the inverse 
square law to hold down to distances of the order 3 x io"“ cm., 
without reaching conclusions discrepant with observation; but 
this distance of approach is ten times as small, and at such a 
distance—comparable with the dimensions of the electron 
itself—assumptions as to point charges and inverse square law 
must become very doubtful. Rutherford points out that at 
such a dose distance an a particle composed of four hydrogen 
nudei and two electrons would exert a very complicated field of 
force with rapid variations in direction and magnitude ; further, 
that the very considerable forces involved between two positive 
nuclei at such a distance—about 5 kilograms weight on the 
inverse square law—must distort not only the structure of the 
nucleus itself, but even of the electron. It is probably this 
distortion, and the consequent alteration in the magnitude and 
direction of the forces involved, which are responsible for the fact 
that a greater proportion of the collisions are of the “ head-on ” 
or nearly “ head-on ” type than could be anticipated on the 
simple theory of point-charges. 

The second of the papers deals with an invest^ation by the 
usual magnetic and electrostatic deflexion methods of the 
velocity and e/w ratio of the swift particles in these e^eriments, 
jdelding support to the assumption that they are H nuclei. 
The third deals with experiments on collision between a particles 
and atoms of nitrogen and oxygen. Theoretically it is to be ex¬ 
pected that all atoms of weight not greater than that of oxygen, 
and carrying unit electronic charge, might be detected in such 
experiments beyond the range of the impinging a particles ; 
thus N atoms could have a maximum range i’33 times as great, 
and O atoms I-I2 times as great, as the range of the a particles. 
Preliminary esperiments have been made with other atoms, 
but they are diflBcult to carry out, and the results rather incon¬ 
clusive ; but for elements in the gaseous state, such as N and O, 
conditions are much better. Briefly, Rutherford finds evidence 
for the existence of swift N and O particles in air, nitrogen, 
oi^gen, and carbon dioxide, with maximum range about 9 cms. 
in air. As in the case of H atoms, the observed numbers for any 
given fraction of the range and over are larger thap the numbers 
calculated on simple theory, and a similar explanation must 
hold here. It is in the fourth paper that Prof. Rutherford 
really deals with a matter of supreme importance—viz., the 
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possibility that in some of these intense and intimate collisions 
the a particles disintegrate the N atom, causing an ejection from 
it of an H atom or an atom of mass 2. The evidence is briefly 
this: Using the apparatus already referred to, with the air 
exhausted from the box, and absorbing foils of aluminium 
being employed to stop the various flying particles instead of 
air, one finds scintillations far beyond the range of the a par¬ 
ticles. The swift atoms causing these scintillations carry a 
positive charge, are deflected in a magnetic field, and have 
about the same range and energy as the swift H atoms pro¬ 
duced by the passage of a particles through hydrogen as already 
described. These “ natural ” scintillations are believed, as 
Marsden suggested, to be due to swift H atoms from the radio¬ 
active source, but it is difficult to decide whether they are 
expelled from the radio-active source itself, or are due to the 
action of a particles on occluded hydrogen. If dried oxygen 
or carbon dioxide is admitted into the vessel, there is a diminu¬ 
tion in the number of scintillations of an amount to be expected 
from the stopping power of the colunm of gas. When dry air 
is admitted, however, the surprising effect is observed of an 
increase in the number of scintillations ; in fact, at a distance 
from the source equivalent to 19 cms. of air the number is about 
doubled. As already pointed out, in air swift N and O particles 
arise with a possible range of 9 cms,; but the increased number 
of scintillations referred to above is observed at much greater 
distances than 9 cms., and cannot be ascribed to that cause. 
A number of control experiments were made ruling out the possi¬ 
bility of water vapour, or even the minute traces of hydrogen 
in the air, as being the soxxrce. Pure dry nitrogen, when intro¬ 
duced into the vessel instead of the dry air, still further increased 
the number of scintillations, as was to be expected if they are 
due to nitrogen. These long-range scintillations appear to be 
due to the collision of a particles with nitrogen atoms, the 
particle causing scintillation being a hydrogen nucleus or atom 
of mass 2 expelled from the N atom. Such a revolutionary 
conclusion, of course, will require careful investigation, and 
further experiments are st^ested to test by various methods 
whether these particles are really H atoms, and are derived from 
the N atoms. One anomaly in the third paper would receive 
an e^lanation if this were so. In the case of swift N and 0 
tiartiries, they appear to have a common maTrimnTn range of 
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9 cms., while in theory the lighter N atom ought to have a range 
about 19 per cent, greater than the O atom. This would 
be accounted for if the energy of impact was shared between an 
H atom and the remaining part of the disrupted N atom. 

No doubt the conclusion of this paper will be subjected to 
searching criticism before long—^there are many obvious gaps 
in the es^rimental work to be filled. It is, however, a reason¬ 
able assumption that Prof. Rutherford will, by dint of his own 
energy and the enthusiasm he evokes among his pupils, soon be 
engaged in filling the lacunae. His imagination has already 
su^ested the feasibility of searching for a still more intense 
projectile than the a particle from radium C, wherewith to 
disintegrate the structure of other l^ht atoms. 

PHTSlCiX CHSmSTBT. B7 Prof. W. C. McC. Lewis, M.A., 
D.Sc., University, Liverpool. 

Latent Heat of Fusion .—The process of fusion of a solid has 
been investigated by Honda (Science Reports, Tohoku Univer¬ 
sity, September 1918) from the point of view of the quantum 
hypothesis. The chief interest of the work lies in the view 
taken of the nature of the molecular and atomic movement in 
the liquid or fused state of a substance. Our long familiarity 
with the principle of the continuity of the gaseous and liquid 
states, and the important results gained in this field, have 
served to impress physicists and chemists with the dose 
analogy which easts between a liquid and a gas. On the 
basis of Honda's considerations, we are led to expect a far 
doser analogy between a solid and a liquid, in so far as the 
type of molecular or atomic energy is concerned. Let us take 
the simple case of a monatoniic solid. Its energy consists of 
vibration of the atoms. On the equipartition view this eneigy 
amounts to 3 RT per gram-atom, of which one-half is kinetic, 
one-half potential energy. On the quantum theory this ex¬ 
pression is modified ‘in the sense that T itself is replaced by 
a complex expression (involving T), which allows for the fact 
that the heat capacity diminishes as the temperature falls. 
In both cases we restrict ourselves to vibrational movement 
of the atoms alone; we do not consider any other possible 
mode of motion. According to Honda, however, the mole¬ 
cules oj: atoms may possess small dependent rotational vibra¬ 
tions about their centres of mass, and when we approach the 
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melting-point of the substance the amplitude of the vibration 
attains such a magnitude that the rotational vibration “at 
last becomes a continuous rotation.” “ As soon as the rota¬ 
tional vibration is clianged into a contmuous rotation the 
regular spacing of the molecules breaks down, disorder begin¬ 
ning to take place, and therefore the rotation becomes inde¬ 
pendent of the translation.” The molecules have now two or 
three degrees of freedom in respect of rotation. ” Since the 
molecular distances in the solid and liquid states do not diifer 
much, the rectilinear motion of the liquid molecules is also 
vibratory, its amplitude remaining the same.” The latent 
heat of fusion is therefore identified with the bringing into 
existence of the two or three degrees of freedom of rotation. 
Honda calculates what this energy amounts to on the basis 
of the quantum theory, and then proceeds to compare the 
result with the observed latent heats of fusion. For sixteen 
elements he i&ds very satisfactory agreement. In six other 
cases there is no agreement, and this he esplains on the basis 
of the external and internal work done owing to the change in 
volume on melting. Honda has also applied his ideas to the 
fusion of compounds, and finds in certain cases that a similar 
relation holds good. “ It is necessary to assume that these 
compounds have a molecular structure both in the liquid and 
the solid, and that in the liquid state the molecules have three 
degrees of freedom for rotation.” In other compounds it is 
necessary to assume a number from 3 to 6 for the degrees of 
freedom in order to bring the calculated and observed latent 
heats into agreement. It is evident that Honda’s views are 
not as applicable to compoimds as they are to elements. 
Nevertheless, the importance of the contribution as pointing 
the way to an explanation of the mechanism underl3ring the 
process of fusion is very considerable. 

Oxoitium Compounds .—A further addition has been made 
to our knowledge of addition compounds between organic 
acids, phenols, and inorganic acids, by Knox and Richards 
{Jmim. Chem, Soc., 115 , S08, 1919), the method employed 
being that depending upon the solubility of the organic sub¬ 
stance in solutions of hydrochloric, nitric, sulphuric, and in 
some cases formic and acetic acids. Of the mineral acids, 
nitric add shows the greatest, and sulphuric acid the least, 
tendency to form compoimds with organic adds and phenols. 
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Typical mono-, di- and tri-basic acids were investigated, as well 
as tsrpical monohydric, dihydric, and trihydric phenols. The 
results are most conveniently shown by means of a graph in 
which the abscissae denote the normality of the “ solvent ” 
acid (HQ etc.), the ordinates denoting the corresponding 
solubility (expressed in normality) of the dissolved acid or 
phenol. The curves obtained are of two main types according 
as the “ solvent ” acid is a mineral acid or an organic acid, but 
in each case the assumption of oxonium salt formation is 
sufficient to account for the observed results. In the first 
type— e.g., phenyl acetic acid in HQ solution—^the solubility of 
the organic acid diminishes rapidly at first, reaches a mini¬ 
mum, and afterwards increases steadily with increasing con¬ 
centration of the solvent acid. The decrease in solubility is 
naturally ascribed to the mass action effect brought about by 
the presence of the common ion, the hydrogen ion. At the 
same time the oxonium salt is formed, and its greater solu¬ 
bility eventually more than compensates for the common ion 
effect, with the result that the solubility curve turns upward. 
When the “ solvent ” acid is an organic one, a different type 
of curve is obtained. Two factors have to be taken into 
account; (i) the weakness of the organic acids in general; and, 
(2) the wide difference between the solubilities of the “ dis¬ 
solved ” acid in the water and the organic acid “ solvent.” 
As r^ards the first factor—since both the “ solvent ” acid and 
the ” solute ” acids are weak, the diminution in solubility, 
due to the common hydrogen ion, is too small to be detected, 
except in the case of oxalic acid, which exhibits a slight initial 
diminution in solubility. The other “ solute ” acids investi¬ 
gated show an increase in solubility from the beginning, except 
tartaric acid dissolved in acetic acid solution, and oxsJic acid 
in lactic acid solution, in which cases no evidence of union was 
obtained. As regards the second factor—^if the dissolved acid 
is more readily soluble in the “ solvent ” organic acid than in 
water—the resulting curve shows a steady rise, and no definite 
conclusion can be drawn from it. This is realised, for ex¬ 
ample, in the case of suberic acid in acetic acid solution. 
Other cases occur in which the solubility of the dissolved 
add rises, passes through a maximum, and then falls. This is 
dear evidence of oxonium salt formation, the initial increase 
in solubility being due to the formation of the salt, which after- 
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wards becomes less soluble in higher concentrations of the 
“ solvent ” acid. This behaviour is shown, for example, by 
succinic acid in acetic or in formic acid, and by mandelic 
acid in the same “ solvent ” acids. 

In view of these results and numerous others obtained 
by different investigators—cited fully in the introduction to 
Knox’s paper—the generality of such oxonium compound 
formation can be regarded as demonstrated very satisfactorily. 


OBaANIC OHEICIST&T. By P. Haas, D.S&, Fh.D., St. Mary’s 
Hospital Medical School, London. 

With the object of establishing the constitutional formula of 
maltose, Irvine and Dick {Jour. Chem. Soc., 1919, 116 , S93) 
subjected this compound to complete methylation followed by 
hydrolysis, intending to carry out the following series of re¬ 
actions : 


Maltose methylmaltoside -»-heptamethylmaltoside, 

which latter compoimd should peld trimethylglucose and 
tetramethylglucose. They have been able to confirm the earlier 
observation of Purdie and Irvine {Jour. Chem. Soc., 190S, 87 , 
1022) that the non-reducing glucose component of maltose 
possesses the butylene oxide structure by obtaining from it 
crystalline tetramethylglucose, but have not succeeded in 
isolating the trimethylglucose, which should form the other 
product of hydrolysis, as shown by the formula— 



in • [CHOH], • in • ch(oh) • ch, • oh 

non-reducing glucose component. 

-O" 


CH, • CH(OH) • [CH • OH]« • CH • OH 

reducing glucose component. 


In place of the trimethylglucose, however, they obtained a 
pentose as the result of an entirely unexpected degradation 
occurring during the decomposition of maltose octa-acetate by 
means of hydrogen iodide ; the resulting substance proved to 
be a sugar methylglucoarabinoside, since it gave on hydro¬ 
lysis crystalline tetramethylglucose and a dimethylarabmose. 
This olj^n^tion opens the way to a new method of studying 
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the constitution of carbohydrates, by degrading them in acid 
solution and comparing the results with those already ob¬ 
tained by regulated oxidation in alkaline solution. 

In a paper dealing with the resolution of Hyoscine and its 
Components, King (/o«r. Chem. Soc., 1919,115, 476) describes 
the isolation for the first time of i^-hyoscine hydrobromide by 
fractional crystallisation of a quantity of crystalline hydro- 
bromides of feeble laevorotatory power obtained as a by¬ 
product in the manufacture of the therapeutically valuable 
/•hyoscine. The hydrolysis with boiling 10 per cent, hydro- 
bromic acid of /-hyoscine resulted in the formation of /-tropic 
acid and inactive oscine, which latter has been resolved into 
dextro- and laevo-components by means of ^/-tartaric acid. 
From these facts it is concluded that /-hyoscine is a molecular 
combination of /-tropyl </oscine and /-tropyl /-oscine, while 
^/•hyoscine is a similar combination of </-tropyl </oscine with 
</-tropyl /-oscine. 

The tar obtained by distilling animal matter contains aniline 
pyridine and quinoline which bear no relation to the amino- 
acids of proteins. With the object of determining whether 
these bodies are secondary products arising from pyrogenic 
transformations, or whether they form hitherto unrecognised 
constituents of the protein molecxde, Pictet and Cramer {Helv. 
Chim. Acta, 1919, 2, 188) have distilled 4 kUos of egg albumen 
under a pressure of 20-22 mm. The products of distillation 
can be differentiated into acid basic and neutral fractions. 
From the basic fraction the authors have isolated a primaiy 
amine of the formula QHjN, which appears to be a dihydro¬ 
aniline : 

CH<al“cH>CH-NH. 

Among the neutral substances was found iso-hexoamide 
(CH»}a CH • CHjCHaCO NH*, which is, of course, closely related 
to isohexoic acid, one of the chief constituents of animal oil. 

In the last number of this Journal (Sciencb Progress, 
I 9 t 9 > 58 , 35) it was shown that the constitution of Turkish 
and Chinese tannins has been so far established by Fischer as 
to show that they are probably amorphous mixtures of closely 
related polygalloyl glucoses. Hamameli-tannin, on the other 
hand, being crystalline, is probably an individual substance, 
and for this reason it has been specially studied by Freuden- 
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berg {Berichte, 1919, 52 , [b], 177) ; on hydrolysis, by means of 
tannase, of a dilute aqueous solution covered with toluol, this 
author obtained gallic acid and a sugar (calculated as a hexose) 
in quantities corresponding with the formula of a digalloyl 
hexose. 

The shortage of fats in Germany during the war necessi¬ 
tated the production of glycerol from other sources, and 
during the summer of 1917 the Germans were producing 
glycerol in large quantities by fermentation. At the instiga¬ 
tion of the American Government, experiments were under¬ 
taken with a view to discovering some similar method for use 
by the Allies, and in three months' time, Messrs. Eoff, Linder 
and Beyer announced the production of glycerol in 20-25 per 
cent, yield by the addition of 5 per cent, of sodium carbonate 
(in solid form) to a 17-20 per cent, solution of sugar set 
in active fermentation by Saccharomyces ellipsoideus. On 
adding the sodium carbonate, a copious precipitate is formed 
and the evolution of gas ceases, while the yeast becomes 
dormant. After a while the precipitate disappears and the 
fermentation starts again. The formation of the precipitate 
and the dormant period are essential to the success of the 
whole process j it has also been observed that the addition of 
ammonium chloride to the fermenting liquid increases the yield 
of glycerol; the most favourable fermentation temperature is 
from 30-32° C Trial runs on a commercial scale were carried 
out on molasses, but esperiments have also been made with 
cane-sugar and starch glucose ; in these cases, however, yeast 
food had to be added in such quantities as to increase the 
difficulty of purifying the glycerol. A fuller account of this 
work may be found in an article by Ling entitled “ Production 
of Glycerin from Molasses” {Jour. Soc. Chem. Ind., 1919, 88, 
175R.). More recently Schweizer {Helv. Chim. Acta, 1919, 2, 
167) has published the results of his e::q)eriments on the produc¬ 
tion of glycerol by fermentation. Starting from the assumption 
that fermentation glycerol was produced by the reduction of 
glyceric aldehyde or dihydrosyacetone, he has tried the effect 
of adding various reducing agents to the fermenting liquid; acid 
reducing agents were found to be deleterious for the yeast, but 
eventually sodium sulphite was found to produce an increased 
yield of glycerol; by the addition of 7-8 per cent, of this salt 
to a 10 per cent, solution of fermenting sugar he was able to 
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obtain a 21*3 per cent, yield of glycerol in 24 hours. Sup¬ 
porting the reduction theory, it was found that a poorer yield 
was obtained if the solution was thoroughly aerated. It 
should be stated in conclusion that the amount of glycerol 
obtained from 100 grams of sugar by Pasteur in 1857 was 
3*6 grams, while Oppenheimer in 1914 obtained, by means of 
yeast juice, quantities var3dng from 3-12 grams. 


OEOXOGT. By G. W. Tyrrell, A.R.C.S&, F.G.S., University, Glasgow. 

Geological Processes ,—In a memoir entitled “ Subsidence and 
Reef-encirded Islands,” Prof. W. M. Davis brings forward 
several independent verifications of Darwin’s theory of coral- 
reefs as upgrowths upon intermittently-subsiding foundations 
{BuU. Geol. Soc. Amer, 1918, 89 , 489-574). These proofs are: 
the embayed shore-lines of reef-endrded islands ; the slope 
of reef-foimdations in relation to the physiographic evolution 
of the islands ; the unconformable contact of elevated reefs 
with their foundations ; unconformable fringing-reefe at sea- 
level ; the peculiar distribution of submarine banks in coral 
seas ; the disappearance of great volumes of detritus from 
reef-encirded islands ; the absence of reefs from emergent 
shore-lines ; the unequal depths of lagoons and banks; and 
the forms of spur-ends on islands within basrier-reefs. In Prof. 
Davis’s opinion these facts contradict ail still-standing theories, 
and give a decisive superiority to Darwin’s. 

The artide by the same author in Science Progress (1919, 
18 , 420-44) on the geological aspects of the coral-reef problem, 
chiefly directs attention to the unconformable contact of reef 
limestones with their foundations. The evidence thus provided 
of erosion and subsidence prior to reef formation is stror^y in 
favour of Darwin’s theory. 

Foye’s observations on Fiji {pp. dt. infra) lend support to 
this view. The earth’s crust in this region has been very 
unstable, and each period of subsidence has been accompanied 
by reef formation. The elevated reefs rest unconformably 
upon eroded volcanic foundations. 

Molengraaf has made a notable su^estion to explain the 
subsidence of volcanic islands around which reefs have grown 
up {“ The Coral Reef Problem and Isostasy,” Proc. Akad. Vet. 
Amsterdam, 1917, 1 ft 610-27). He points out that volcanic 
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islands are not isostatically compensated, and invariably show 
a positive anomaly of gravity. Hence their bases must yield, 
and they sink slowly down into the crust under the influence 
of gravity. This suggestion of local subsidence is regarded 
by Davis as an important contribution to the coral-reef pro¬ 
blem (“ Isostatic Subsidence of Coral Islands,” Proc. Nai. Acad. 
Set. 1917, 8, 649-54); but the phenomena of uplifted reefs 
and atoUs show that other processes than isostatic subsidence 
are in operation. 

The recent diastrophism of North-East America excellently 
illustrates the theory of isostasy (" Post-glacial Uplift of North¬ 
eastern America,” H. L, Fairchild, Bull. Geol. Soc. Amer. 1918, 
29, 187-238. See also “ Glacial Depression and Post-Glacial 
Uplift of North-Eastern America,” Proc. Nat. Acad.Sd. 1918, 
% 229-32). The amount and area of land depression beneath 
the latest continental ice-sheet (the Labrador glacier) is fairly 
proportionate to the thickness and extent of the ice. When 
the ice melted the land was much below its present altitude, 
which it has since attained by a tilting movement with the 
hinge south of New York. Ancient estuary features are trace¬ 
able to a height of 800 feet in Vermont, and it has been found 
possible to map the isobases over a considerable part of the 
area. 

Regional and Straiigraphical Geology. —J. F. N. Green ad¬ 
vances reasons for believing that the red Mell Fell Conglomerate 
of the Lake District, hitherto regarded as the basal division 
of the Carboniferous, is really of Devonian age {Proc. Geol. 
Assoc. 1918, 29, pt. 3, 117-25). Its characters are those of a 
torrential deposit formed at the foot of a mountain range in 
an arid climate; whereas the Carboniferous Limestone indi¬ 
cates deposition in a sea bordering a low-lying land whence 
little clastic detritus was derived. 

In a study of the structural relations of the Skiddaw granite, 
J. F. N. Green presents evidence suggesting that the intrusion 
is earlier than the cleavage, the Devonian faulting, and the 
minor folds of the surrounding rocks {Proc. Geol. Assoc. 1918, 
9®» pi* 3j 126-36). It is therefore believed to be connected 
with local folding towards the dose of the Borrowdale volcanic 
episode. 

O. Holtedahl, Bidr^ til Finmarkens Geolc^ {Norges 
G0OL Cinders. 1918, No. 84^ 314 pp.). This is a full account 
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of the geology of Finmark, the most northern province of 
Norway. There is a short rfeum^ in English. 

Numerous important papers on the stratigraphy of various 
areas in the western United States have appeared recently 
(see list in Bibliography at end of article), but as the writer 
has not seen them it is not possible to offer any comment. 
The reader is referred to a review by C. Schuchert (Amer. Journ. 
Set. 1919, 47, 74-9), for a discussion of the salient points in 
this new work. 

W, G. Foye has recently made an extensive geological 
study of the Fiji Islands, the work embracing both general 
geology and coral-reef problems. The larger islands of Viti 
Levu and Vanua Levu have central cores of deeply eroded 
plutonic rocks, which are believed to be the remnants of an 
ancient continental mass. There have been four periods of 
volcanic activity in the islands, with the eruption first of 
rhyolites, then two series of andesites, and finally basalts. 
Two series of sedimentary rocks occur. One, early in the vol¬ 
canic period, is believed to be of Miocene age. Later coralli- 
ferous limestones and marls are probably post-Tertiary, and 
are intruded by the latest basalts (“ Geological Observations 
in Fiji : Part I., Geological History of Fiji,” Proc. Amer. Acad. 
Arts &• Sci. 1918, 64, 1-9S). 

Petrology of Igneous Rocks .—In a paper entitled “ A Type 
of Igneous Differentiation,” F. F. Grout discusses the rocks of 
the great Duluth gabbro mass, probably the largest mass of 
basic igneous rock known {Joum. Geol. 1918, 26, 626-58). The 
rock types fall into two groups, one related to the gabbros, the 
other to the granites, intermediate types being rare. The 
sharpness of the separation between the two groups is shown 
by means of variation diagrams. It is believed that none of 
the theories of crystallisation-differentiation can fully explain 
this separation, since they ail necessitate the presence of a 
relatively large amount of intermediate rock. The field and 
laboratory studies strongly su^st an immiscible separation 
of the " red rock ” (granophyre) from the gabbro. The varia¬ 
tions within the gabbro itself, from magnetite-gabhro to an<a:- 
thosite, are believed to be due to differentiation by crystallisa¬ 
tion during convection, aided by a sl^ht amoimt of settling 
of crystals. 

Many problems in the oyrstallisation of silicate melts are 
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illustrated on a large scale in glass-making processes. N. L. 
Bowen (“ The Significance of Glass-making Processes to the 
Petrologist,’* Joum. Wash. Acad. Set. 1918, 7 , 88-93) shows, 
for example, that immiscibility between silicate and silicate 
does not occur, at least in glass melts. Two layers may separate 
in the glass pot, but their persistence is entirely due to slowness 
of diffusion, and the stratification pay be eliminated by stir¬ 
ring. Glass often shows a density and composition gradient 
(illustrated by the famous Morozewicz experiment), but this 
is shown to be due to differential melting, with the sinking of 
the heavier and more easily fusible constituents at an early 
stage, and the rising of the diSicultly-fusible silica grains at a 
later stage. 

'An important paper by W. J. Miller (Bull. Geol. Soc. Amer. 
1918, 89 , 399-462) gives the results of an elaborate study of 
the great anorthosite mass of the Adirondacks, which figured 
largely in Bowen’s recent work on the problem of the anor¬ 
thosites. Although, like Bowen, Miller believes that the 
anorthosite originated by the settling of mafic minerals in a 
gabbro magma, his view differs from Bowen’s in several par¬ 
ticulars. The anorthosite did not arise by the subsequent 
settling of labradorite crystals ; furthermore, the associated 
S3renite-granite masses are intrusive into, and distinctly later 
than, the anorthosite, and hence are not direct differentiates 
as advocated by Bowen. Miller shows, moreover, that the 
anorthosite was at one time effectively molten, and not merely 
a mass of precipitated plagioclase crystals. The term siUxiU 
is proposed by Miller (“ Pegmatite, Silexite, and Aplite of 
Northern New York,” Joum. Geol, 1919, 87 , 28-54), for the 
bodies of pure, or nearly pure, silica of igpous or aqueo- 
igneous origin, occurrit^ as dykes or segregations within or 
without their parent rock. The silexite of the area dealt with 
occurs in a granite, and represents a very siliceous facies of 
pegmatite, into which there is a complete transition. Both 
silexite and pegmatite are believed to be segregations which 
developed while the granite still preserved a considerable 
degree of fluidity, and continued to form imtil the granite 
almost or completely solidified. 

In his recent work on the geology of Fiji (op. cU. supra, pp. 
97^x45)1 Foye gives hrief petrographical descriptions, accom¬ 
panied 1 ^ chemical anal3rses and quantitative mineral deter- 
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minations, of tonalite and dioritic gabbro from the crsrstaUine 
basement of Viti Levu, and of numerous lavas from the whole 
archipelago. These include various tsrpes of basalt, andesite, 
and rhyolite. Foye remarks the association of hypersthene 
and hornblende in the lavas of Vanua Levu, and suggests that 
these minerals are due to the retention of magmatic water in 
submarine flows owing to the rapid formation of a flexible im¬ 
pervious skin. Monoclinic pyroxene, on the other hand, 
should be formed at open vents, in which there is a free escape 
of magmatic gases. 

A short paper by Friedlander (“ Gesteine von Sakurashima," 
Zeitsch. f. Vulc. 1918, 4, 202—3) is notable for six new chemical 
analyses of lavas and ashes from the recent eruption of Sakura- 
jima, Japan. 

Origin of Sedimevdary Rocks. —The great work by L. Cayeux, 
Introduction a I'fetude P^trographique des Roches S4dimen- 
taires ” {M 6 m. Carte Giol. de France, 1916, pp. 524, and Atlas 
of 56 plates) will prove of the utmost value to petrographers. 
It is divided into three pai-ts : i. Methods of analysis of sedi¬ 
mentary rocks, with special consideration of microchemical 
methods ; 2. Diagnostic of the constituents of sedimentary 
rocks ; 3. Study of the microstructure of organisms considered 
as constituent elements of sedimentary rocks. This last is done 
in great detail, and illustrated by many magnificent plates. 

Staurolite is the principal mineral of heavy residues from 
the Bimter Pebble Beds of Nottinghamshire, and T. H. Burton 
(Qi*art. Joum. Geol. Soc. 1918, 78, pt. 4, 328-39) therefore be¬ 
lieves that Scotland supplied the bulk of the heavy constituents, 
a north-eastern river and its tributaries being postulated as the 
means of transport. 

W. H. Bucher brings forward evidence to support the 
view that oolites and spherulites are due to the change of at 
least one constituent from the emulsoid to a solid condition 
(Joum. Geol. 1918, 26, S93~6o9)- The difference between 
radial and concentric structures depends on the amoimt of 
other substances simultaneously precipitated, and mechanically 
entangled in the growing concretion. If the substance is 
relatively pure the structure is predominantly radial (spheru- 
litic). If other substances are precipitated in quantity the 
structure tends to be concentric (oolitic). These views are 
based on the important work of S<^de relative to the origia 
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of urinary calculi and the formation of concrements, and are 
applied in a brief survey of the literature of oolitic and spheru- 
litic structures. 

A similar view k adopted by W. A. Tarr in discussing the 
origin of siliceous oolites in some Triassic shales of Wyoming 
{Bull. Geol. Soc. Amer. 1918, 29, 587-600). He regards the 
oolites as due to direct precipitation of colloidal silica in shallow, 
agitated, muddy water. The precipitation is ascribed to the 
electrolsrtic and saline character of the water, the resulting 
siliceous gel a^pregating into oolites which were buried as the 
silts and sands accumulated. 

Since De Geer's classic work in Sweden, the problem of 
rhythmic banding in the days associated with glacial deposits, 
and its bearing on geochronology, has been much discussed. 
R. W. Sayles has recently made a general survey of the 
phenomenon in espedal connection with the banded glacial 
days of the Connecticut Valley and Rhode Island (“ Seasonal 
Deposition in Aqueo-Glacial Sediments,” Mem. Mtis. Comp. 
Zool., Harvard, 1919, 47, 'No. 1, pp. 67, 16 plates). As a result 
of thk study the theory that each pair of alternately coarser 
and finer sediments represents the seasonal deposits of a year, 
is placed in a strong position. In the Boston region there k 
a formation of tillites and associated slates of Permian age. 
The slates show fine seasonal banding, and offer extraordinary 
resemblances to selected specimens of the Plektocene banded 
days, as is illustrated in several magnificent plates. Even 
the crumpling of layers by the grounding of icebergs, or the re- 
advance of an ice-sheet, k duplicated in the older forhnatiou. 
These phenomena are shown to occur in the argillaceous sedi¬ 
ments accompanying andent tUlites in many parts of the 
world. 

The following are additional references to new work: 

Grzgoky, H. E. (Editor), Militaiy Geology and Topography, pp. 281,117 Figs. 

Prepared atid issued under the auspices of the Division of Geology and 

Geography, National Research Counch (U.S.A.), 1918. 

Adahs, F. D., Experiment in Geology (Presidential Address), SulL Amer. 

Geol. Soc. 1918, 29 ,167-86. 

OmHAU, R. D., The Interior of the Earth, Geol. Mag., 1919,18-27. 

Davis, W. M., Frmging Reefe of the Philippine Islands, Proc. Mat. Acad. Set. 

1918, 4 ,197-204. 

EXBiAyv, W. £,, Importance of Nivation as an Erosive Factor, and of Soil Flow 

as a Transporting Agency, in Northern Greenland, Ibid. 288-93. * 

Safpsr, K., Geschwistervulkane in Guatemala, Zeitsek. f. Vide. 1918, 4 ,1-14. 
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Friedlander, I,, Regelmassigkeit der Abstande vulcanischer Eruptionzentren, 
IHd. is-32. 

Arldt, Th,, Die Geographische Verbreitung der Vulkane, Ibid, 33-50. 

Pannekoek van Rheden, J. J,, Geologische Notizen iiber die Halbinsel Sanggar, 
Insel Soembawa, Ibid, 85-188. 

Gogarten, E., Die Vulkane des Nbrdlicben Molukken, Ibid. 211-305. 

Buckman, S. S., Jurassic Chronology: 1 . Lias, Quart, Joum, Geol, Soc, 1918, 
73 , pt. 4, 257-327. 

Jackson, J. W. and AUdns, W. E., On the Discovery of a Quartzose Con¬ 
glomerate at Caldon Low, Staffordshire, GeoL Mag,^ 1919, 59-64. 

Parsons, L. M., The Carboniferous Limestone of the Wrekin District, Ibid, 

1919, 77-81. 

Ruedemann, R., On Some Fundamentals of Pre-Cambrian Palaeogeography, 
Proc, Nat, Acad, Set, 1919,6, 1-6. 

Wherry, E. T., Pre-Cambrian Sedimentary Rocks in the Highlands of Eastern 
Pennsylvania, Bull, Geol, Soc. Amer. 1918, 29 , 375-92. 

Leonard, A. G., The Geology of North Dakota, Geol,^ 1919, 27 , 1-27. 

Jones, W. F., A Geological Reconnaissance in Haiti. A Contribution to 
Antillean Geology, Ibid. 1918, 26 , 728-53. 

Papers reviewed by C. Schuchert (see text): 

Knowlton, F. H. and Lee, W. T., Geology and Palaeontology of the Raton 
Mesa and Other Regions in Colorado and New Mexico, U,S, Geol, Survey^ 
Prof Paper^ 101 ,1917, 450 pp., 103 plates. 

Branson, E, B., Geology of Missouri, Uftiv. of Missouri Bull, 1918, 19 ,172 pp, 

Lee, W. T., Early Mesozoic Physiography of the Southern Rocky Mountains, 
Smithson Misc, Coll. 1918, 69 , 41 pp. 

Udden, j. a., Notes on thfe Geology of the Glass Mountains. 

Baker, C. L., and Bowman, W. F., Geologic Exploration of the South-eastern 
Front Range of Trans-Pecos, Texas, Univ. of Texas Bull, 1918, 177 pp. 

Burwash, E. M, j.. The Geology of Vancouver and Vicinity, Chicago, 1918 
106 pp, 

Benson, W, N., The Geology and Petrology of the Great Serpentine Belt of New 
South Wales. Part VII: The Geology of the Loomberah District and a 
Portion of the Goonoo-Goonoo Estate, Proc. Linn, Soc.^ N,S, W, 1918, 43 , 
pt. 2, 320-94. 

Talbot, H. W. B., and Clarke, E. de C., The Geological Results of an Expedition 
to the South Australian Border, and Some Comparisons between Central and 
Western Australian Geology suggested Thereby, Joum, and Proc, Roy. Soc, 
of West, Aust. 1918, 3 ,1-29. 

Grout, F. F., A Form of Multiple Rock Diagram, Journ. Geol. 1918, 26 ,622-5. 

Daly, R. A., Field Relations of Litchfieldite and Soda-Syenites of Litchfield, 
Maine, Bull, Geol. Soc, Amer, 1918, 29 , 463-70. 

Glangeaud, P., Le Volcan de Sancy. Ses volcans secondaires et ses laves, 
Comptes Rendus, 1918, 167 , 1076-80. 

Lacroix, A., Dacites et dacitoides, h propos des laves de la Martinique, 3 id. 
1919,168,297-302. 

Lacroix, A., Le gite pyriteux de contact du granite de Chizeuil (Sa6ne-et-Loire) 
et ses roches mdtamorphiques, Bull. Soc, Fr. de Min. 1918, 41 ,14-21. 

Lacroix, a., Sur les dacites & enstatite de la rdgion de Figeac et sur une lave k 
enstatite non feldspathique de Madg^ascar analogue k la boninite, Ibid 43-52. 
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T ArcnnCj A., L’ankaratrite k fades lamprophyrique de Ssunte-FIorine, prts 
Brassac (Haute Loire), Ibid. 62-71. 

Lacroix, A., La composition chimique du gabbro du Pallet (Loire Infdrieure), et 
ses varidtds endomorphes (diorites hypersthdniques k cordi6rite) et des roches 
filoniennes qui I’accompagnent, Ibid 74-9. 

Bucher, W. H,, On Ripples and Related Sedimentary Surface Forms, and their 
Falsogeographic Interpretation, Amer. Joum. Set, 1919, 47 , 149-210; 
241-69. 

Kinsub, E. M., Separation of Salt from Saline Water and Mud, Bull. Geol, Soc. 
'Amer. 1918, 29 ,471-88. 

Tare, W. A., Rhythmic Banding of Manganese Dioxide in Rhyolite Tuff,/<Wfr«. 
Geol. 1918, 26 ,610-17. 

BOXAinr. By E. J. Salisbury, D.Sc., F.L.S,, University College, London. 

Genetics .—^Variation as exhibited by the vegetatively-produced 
ofifepiing of Lenina minor has been studied in an extensive series 
of cultures by N. B. Mendiola {Genetics, March). The range of 
area of the frond in 200 wild individuals which had attained 
maturity was from 2*26-6*45 sq. mm., with 4*019 ± *037 as the 
mean. Variation was found to occur both as to the shape of 
the fronds and their speed of formation ; a variation that was 
most marked under conditions favourable to growth. Races 
were isolated from the wild population which differed in these 
respects, and thus supported the view that pure lines were 
involved. 

Sex segregation in the Bryophyta (Jour, of Genetics) is the 
subject of a paper by Collins, who reviews briefly the work 
of El. and Em. Marchal. These authors found that the 
spores of dioecious forms were unisexual, the two sexes being 
produced in approximately equal numbers. Protonemata 
produced from the vegetative axes were of the same sex as the 
plant from which they were derived, but those from the 
sporophytic tissue produced a low proportion of hermaphrodite 
axes. 

Collins, in his experiments, has produced protonemata from 
antheridia, from perigonial leaves, and from spores. The last- 
named produced sporogonia, but the two former were entirely 
male. The author suggests a somatic segregation in the hap¬ 
loid tissue as a possible explanation. 

In the same journal, Bateson and Sutton describe inheri¬ 
tance esqieriments on Begonia in relation to doubleness and 
sex. ^i^le was found to be dominant, but the proportion of 
doubles in F(exhibited great fluctuation. A wild single species, 
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B. Davisii, when ** selfed yields singles only, but when the 
pollen of this species is employed for crossing with doubles^ 
all the offspring have double flowers. The conclusion seems 
justified that the male flower alone carries the double 
character. 

Ecology .—The ecology of tropical rain forest forms the 
subject of a paper by R. C. McLean in the current number of 
the Journal of Ecology. The author finds that, as might be 
expected from corresponding data from temperate woodlands, 
the air among the bushes of the undergrowth exhibits consider¬ 
able stagnancy with an almost uniform humidity for periods 
of several hours, or even days. Here, too, the temperature 
was found to be very uniform with an average of about 20® C. 
Experiments with detached leaves of several different species 
showed a maximum transpiration of only 0*4 of the evapora¬ 
tion from a free water surface; estimations of the air-space in 
leaves of the shade plants showed this to be greater, per unit 
of weight, than in the sun leaves ; also the number of stomata 
per unit area was smaller in the former than in the latter. 
The shade species, however, showed the higher mineral con¬ 
tent. The author concludes from these results that the absorp¬ 
tion of mineral salts is independent of the low foliar evapora¬ 
tion, and suggests that a slow water-current may be maintained 
by root-pressure accompanied by liquid excretion. 

J. Gray and G. J. Peirce {American Jour. having 

studied the stomatal reactions of Barley, Wheat, Oats, and Rycf 
by direct observation, conclude that the main factor deter¬ 
mining the opening and closure of the stomata is illumina¬ 
tion, though a minimum turgor is requisite for their action 
The observations were made on living leaves still attached 
to the plant, and the measurements showed that the maximum 
aperture was attained under maximum illumination irrespective 
o:f the high or low humidity. 

R. B. Harvey, in a short but interesting note {Bot Gm.)^ 
describes the result of experiments which showed that ice 
formation within the tissue of a leaf is considerably retarded 
by the presence of wax or a dense covering of hairs. 

Haying regard to the important r61e played by Algae in 
colonising bare, exposed surfaces, their capacity for resisting 
drougat is an important feature. Miss Bristol has in this 
connexion made cultures of soil collected at Rothamsted 
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between 1846 and 1893. Two species, viz. Nostoc muscorum 
and Nodularia Harveyana, resumed their activity after a period 
of seventy years- Other h^hly resistant species belonged to 
the genera Anab'cena, Cylindrospermum, Cklorococmm, Tro- 
chiscia, SHchococctts, Nitzschia, Plectonema, Hapalosipkon, and 
Phormidii*m. The water content of the soil appears to affect 
the retention of vitality, the greatest number of species being 
obtained from a sample with 12 per cent, of water. 

Anatomy. —The anatomy of the stem in the Berberidacece 
receives treatment at the hands of Prof. Harvey-Gibson and 
Miss Horsman {Trans. Rc^. Soc., Edinburgh). These authors 
record the occurrence of two rings of vascular bundles in the 
ovei^round stem of Epimedium alpinum and of irregularly 
scattered bundles in Acklys iriphylla, Podophyllum spp., and 
Diphylhia cytnosa. Except for the presence of a cambium, the 
vascular anatomy closely resembles that of Monocotyledonous 
stems. In Akebia there is a well-marked endodermis. 

C. E. Quinlan, writing in the same journal, treats of the 
anatomy of the Calycanthaceae. All the species examined 
showed pairs of basipetal axillary buds, and four inversely 
orientated bundles in the pericycle. Several species exhibited 
thyloses and also lateral sieve plates. 

Morphology. —M. Tison has recently described {Rev. gin. 
d. Bot.) the remarkable suspensor of Trapa natans. This is a 
robust structure which assists in the nutrition of the embryo 
and is furnished with a well-developed, tongue-like haustorium- 

Taxonomy. —E. G. Baker {Jour. Bot., June and July) has 
recently furnished a clavis to the African species of Allophylus 
{Sapindacees), and also descriptions of fourteen additions to 
the genus. In the same journal Mr. A. More describes a new 
species of PhyUanihus. 

Mr. Pugsley, in the jmmed of the Linnean Society for May, 
contributes an exhaustive revision of the genera Fumaria 
and Rupicapnos, including diagnoses of six additions to the 
former and seven'to the latter, together with several new 
varieties. The same author, in an article on the British 
Euphrasias {Jour. Bot.), describes a new species from Exmoor 
under the name E. confusa. This is closely allied to E. gracilis 
and E. nemorosa, but is distinguished by its yellow flowers and 
broad emarginate capsules. 

The hybrid between Papaver rkceas and P. dubium is de- 
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scribed by C. E. Salmon in the new Phytologist (Mar. and 
April). It has the elongated capsules of P. dubium, but the 
spreading peduncular hairs of P. rktsas. In the same journal 
N. Carter describes a new species of Trachelomonas. 


P LAU T PHTSIOLOGT. By Walter Stiles, M.A., University College, 

London. (Plant Physiology Committee.) 

Absorption of Water and Dissolved Substances.—A view widely 
held in some quarters is that absorption of water and dis¬ 
solved substances by the root is limited to the root-hair layer 
which extends for some distance from a point a little behind the 
root tip away from the latter. H. Coupin {Comptes rendus, 
168, 519-22, 1919) has set himself to combat this opinion, by 
growing seedlmgs in water-culture so that only 2 or 3 milli¬ 
metres of the tip of the main root are in contact with water. 
Under such conditions the seedlings develop well, and as all 
the root system except the tip is merely in moist air from 
which absorption of water is very slight, and absorption of salts 
non-existent, the absorption of water and dissolved substances 
through the root tip must take place perfectly readily. 

In the same journal (jComptes rendus, 168, 467-70, 1919) 
are recorded the results of some interesting experiments by 
D. Cebrian de Besteiro and M. Michel-Durand on the effect of 
light on the absorption of organic matter from Knop’s'solu¬ 
tion containing 0*4 per cent, of sugar. Four different l%ht 
intensities were employed, ranging from full sunlight to one- 
ninth sunlight. It was found that increasing the light intensity 
also increased the quantity of sugar absorbed ; thus the plants 
in full sunlight absorbed five times as much sugar as the 
plants exposed to one-ninth sunlight. The hypothesis that, 
in dull light, plants are better able to utilise root-absorption 
of organic matter is thus disproved. 

As regards the absorption of inorganic salts, R. B. Harvey 
and R. H. True {Amer. Journ. Bot., 5, 516-21, 1918) have 
made some observations on seedlings of squash, pea-nut, soy¬ 
bean, and sweet-corn growing in solutions of nutrient salts. 
The concentration of the solution was determined at a number 
of different times by measming its electrical conductivity. If 
the solution is imdisturbed, the salts in the culture solution 
are absorbed by the plant until an equilibrium concentration 
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is reached. The authors reached the important conclusion that 
for any particular species this concentration is independent 
of the nutrient salt used, as well as of the initial concentration 
and the volume of the solution employed, provided the con¬ 
centration is not too great to be toxic nor so low as to be in¬ 
sufficient for the requirements of the plants for growth. Tlic 
concentration reached at equilibrium is, on the other hand, 
specific for each plant. These conclusions are in rather sharp 
contrast to those of W. StUes and F. Kidd {Proc. Roy. Soc., B, 
90> 448-70, 1919) in regard to the absorption of inorganic salts 
by a storage tissue—^namely, carrot root. In this case the 
initial concentration has a great influeijice on the equilibrium 
concentration reached after absorption. It is, however, to be 
expected that a root attached to a living plant and isolated 
storage tissue should not behave in the same way. Similarly, 
the latter authors have obtained evidence that the extent of 
absorption depends very greatly on the nature of the salt 
{Proc. Soc., B, 90,487-504, 1919), the absorption of calcium 
salts and sulphates appearing to take place to a less extent 
than potassium and sodium salts and chlorides and nitrates. 
Here also the difference in the tissues used is quite sufficient 
to eaplain differences in the results. 

The absorption of boron has been incidentally examined 
by F.,C. Cook and J. B. Wilson {Proc. Armr. Soc. Biol. Chem., 
Jomn. Biol. Chem., 33, vi-vii, 1918). Plants are very specific 
in regard to their absorption of boron compounds ; thus cereals 
such as wheat, oats, and rye, absorb very little boron, while 
succulent plants and plants of the natural order Leguminosae 
absorb it in laige quantity. Not only does the absorption of 
boron vary with the species of plant, it also varies with the 
solubility of the boron compound and the concentration of the 
Compound in the soil, while it also depends on other soil factors, 
such as the amount of water in the soil, the compositidn of 
the latter, and so on. 

In a study, by H. S. Reed {Bot. Gae., 66, 374-80, 1918), 
of the absorption of sodium and calcium by wheat seedlings, 
the antagonistic action of these two ions was demonstrated in 
very dilute solutions. The experimental plants were analysed 
at the end of the experiment, and the sodium and calcium also 
determined in the culture solutions. The author finds that 
there is no antagonism in regard to the absorption of the 
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ions, but that the beneficial effect of calcium in lowering the 
harmful effects of sodium must take place in the plant. 

A similar series of observations has been made by D. D. 
Waynick {Univ. California Publications in Agric. Science, 3* 
135-242, 1918), with barley growing in Shive’s three-salt water 
culture medium to which other salts were added in various 
amounts and proportions. At the end of the eaperiment the 
shoots and roots were analysed and the various ions deter¬ 
mined. A great number of results are recorded. In every 
case where the amount of growth was markedly reduced, the 
analysis of the plant showed that an excessive amount of calcium 
or magnesium had entered the plant. The author adduces 
this result as further proof of the dose relation between 
antagonism and cell permeability. Both the eaperimental 
results and conclusions thus appear to be strongly opposed to 
those of Reed cited above. 

The earlier work of Pantanelli {Bull. Orto Bot. R. Univ. 
Napoli, 5, 1-54, 1915) on the absorption of ions by plants has 
■now been extended by a further series of observations {BuU, 
Orto Bot. R. Univ. Napoli, 6> 1-37, 1918). Spedes from dif¬ 
ferent parts of the plant kingdom were investigated—^namely, 
Lupinus albus, Vida faba, onion, Valonia lUricularis, and 
yeast, and the absorption of ions from a number of salts deter¬ 
mined by chemical analysis of the culture solutions in which 
the plants were growing. The author confirms his earlier 
observation that the ions of a salt are absorbed independently 
of one another, and this holds both for the early rate of absorp¬ 
tion and for the total quantity absorbed. The phenomenon 
is quite general, and holds equally for flowering plants and 
Thallophyta. For instance, in the absorption of anion from 
potassium chloride (0*02 N), after four days the quantity of 
chlorion absorbed is almost twice the quantity of potassium 
taken up, measured in equivalents (milligram-ions). Similarly, 
in the case of Valonia, after sixteen hours the ratio of kation 
to anion absorbed was found to be i6‘7, an extreme case of 
independent ionic absorption. The rate at which the ions are 
absorbed varies with the species very greatly; in general any 
particular ion is absorbed much more rapidly by unicellular 
organisms or by organs rich in protoplasm than by pluricellular 
organisms or by organs poor in protofflasm. Not merely are 
the rates of absorption of different ions different, but this rate 
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also depends on the salt. Thus potassion is not absorbed with 
the same rapidity by the same plant from different potassium 
salts. The rate of absorption is also influenced by the in¬ 
ternal and external conditions of the plant. It may occa¬ 
sionally happen that in esqieriments extending over some 
considerable time equivalent quantities of the constituent ions 
of a salt may be absorbed; but this is by no means always the 
case, and generally when equilibrium is reached an unequal 
absorption of ions has taken place. 

In some cases ions accumulate in the cell and pass in against 
the apparent concentration gradient, while in other cases the 
passage of ions into the cell is never sufficient to reach that 
required for equality of distribution between the interior of 
the cell and the external medium. This result has also been 
obtained by Stiles and Kidd {loc. ciL), who have shown that 
the extent of ionic intake depends on the concentration of the 
salt and on its nature. Generally, with “ nutrient ” salts, the 
“ absorption ratio ”—^that is, the ratio of ffiaal internal to final 
external concentration—^varies from many times unity with 
low concentrations to a fractional value for high ones. 

A very curious observation is recorded by Pantanelli, to 
the effect that when absorption is rapid, it is not continuous, 
but that absorption is followed by partial excretion of the 
same ion. Then fresh ab£>orption follows, but less than the 
first, then excretion takes place, then further absorption, and 
so on, the whole process being comparable to the oscillations 
of a damped pendulum whose amplitude gets less and less 
with time. This phenomenon requires further investigation. 

As a consequence of unequal absorption of ions, it follows 
that there must be either diffusion of ions from the tissue, or 
that one of the ions of water must enter along with the excess 
of salt ion absorbed. Resulting from this, the solution must 
become acid or alkaline. Pantanelli himself inclines to the 
latter view.^ D. R. Hoagland, however {Science, 48, 422-S, 
*918), questions the evidence upon which the opinion rests that 
water culture solutions become markedly acid or 
owing to excess absorption of one ion of a salt. On the con¬ 
trary, he found that when plants were put into nutrient solu¬ 
tions^ with an acid reaction, this last became neutral after the 
solutions had remained in contact with the roots for some 
time. Similarly, when plants were transferred to solutions of 
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tingle salts, the solutions never became markedly acid or alka¬ 
line, and in the case of potassium chloride, where analyses were 
made, it was found that the two ions were absorbed in equiva¬ 
lent amounts. 

ZOOliOOT. By Prof. Chas. H. O’Donoghoe, D.Sc., F.Z.S., University 

of Manitoba, Winnipeg, Canada. 

Protozoa. —Calkins, in a paper “ Uropeltis mobilis, Engelm I, 
History of the Nuclei during Division and Conjugation ” {Joum. 
Exp. Zool., vol. xxvii, Jan. 1919), has described the nudear 
changes in this rare hypotrichous ciliate. The resting macro- 
nudeus consists of eight parts, which unite and divide three 
times before and once after cell division. The micronudei 
vary in number from four to six, all but two are absorbed 
before division; these undergo two or three mitotic divisions, 
and then a variable number of them are absorbed. The 
macronudei play no part in conjugation. The micronudei 
undergo maturation divisions with a reduction of the 
chromosomes from eight to four. As many as eight pronudei 
may be formed, but only two are functional, the others being 
absorbed. The migratory nudeus has an attraction sphere. 
Five days are required for the reorganisation of the cell after 
conji^ation. Mast has investigated “ Reversion in Orientation 
to Light in the Colonial Forms, Volvox globator and Pandorina 
morum" {ibid., Jan. 1919), and su^ests that the sense of 
orientation is dependent upon physiological conditions of the 
colony as well as the conditions of the culture medium; it is 
also dependent on the age of the colony. Reversion in colonies 
exposed to constant illumination is not influenced by photo¬ 
synthesis, but is probably due to changes in permeability. 

Other papers indude : 

Boyd, “ Observations upon Trichomonas intesiinalis in Vitro,” (j 0 tm. Porosity 
vol. V, March 1919; Chambers, “The Effect of Some Food Hormones and 
Glandular Products on the Rate of Division of ParamcBcium caudaUtm {BioU 
Bull., voL xxxvi, Feb. 1919); Flather, “ The Effects of a Diet of Polished 
Rice upon the Metabolic Activities of Paramasctum {iHd., Jan-1919); Juday, “ A 
Fresh-water Anaerobic Ciliate” {ibid., Feb. 1919); and Mason, “A Case of 
BahnUMum colt Dysentery ” (Joum. Parasit, vol v, March 1919). 

Invertebraia. —^Papers indude : 

Child, “ Demonstration of the Axial Gradients by Means of Potassium Per¬ 
manganate” (Biol. Bull., vol. xxxvi, Feb. 1919); Child and Manning, “Axial 
Gradients in the Hydrozoa” (ibid., March 19x9); and Parker, “The Organisation 
of Rcttilla” (Joum. Exp. Zool., voUxxvii, Feb. I 9 I 9 )* 
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Investigations of certain of the glands in earthworms 
have been recorded by Stephenson and Prashad, “ The Calci- 
ferous Glands of Earthworms ” {Trans. Roy. Soc. Edin., vol. lii, 
April 1919), and Stephenson and Ram, “ The Prostate Glands 
of the Earthworms of the Family Megascolecidae ” {ibid., April 
1919). The calciferous glands are shown to be foldings of the 
oesophageal epithelium, although in estreme cases they may 
become sacs with a duct. Their epithelium is in all cases con¬ 
tinuous with that of the oesophagus, and the differences in 
form are due to differences in complexity of folding. They 
are then not mesodermal, but entodermal, in origin. Tubular 
or lobate prostate glands at the termination of the sperm ducts 
are common in the family, and typical species have been 
examined by the authors. The glandular cells disintegrate to 
give rise to a granular secretion, and are regenerated by the 
formation of new cells at the periphery of the gland. The 
glands themselves are stated to be of mesodermal origin, and 
in early stages their cells resemble the chromophil cells of the 
pharsmgeal mass. 

Other papers include : 

Chandler, “ On a Species of Iledruris occurring Commonly in the Western Newt, 
Notophthaimus iorosus (/cum. Parusit^ vol. v, March 1919); Kanda, On the 
Reversibility of the Heliotropism of Arenicola Larvss by Chemicals ” {Bid. Bulh^ 
yoL xxxvi, March 19I9); Osborn, Observations on Micrccepkalus ovatus^ sp, 
nov,, from the Crayfish and Black Bass of Lake Chautauqua, N.Y.** {Joum* 
Farasit.^ vol. v, March 1919); Pratt, “A New Cystocercus Cercaria” (idtd.^ 
March 1919); Ransom and Foster, " Recent Discoveries Concerning the Life 
History of Ascaris lutnbriccides^ {ibid.^ March 1919); Yoshida, “On the Develop¬ 
ment of Ascaris iumbricoides” (ibid.^ March 1919); Crozicr, On the Use of the 
Foot in Some Molluscs” (Joum. Exfier, Zod,^ vol. xxvii, Jan. 1919); Stark, 
“An Hereditary Tumour” (ibid.^ Feb, 1919), a study of a sex-linked tumour 
occurring in the larvse of one-half of the males of the fruit-fly {Dresophiia)^ and 
causing the death of the same; Thomson and Snyder, “The Question of the 
Phylogenetic Origin of Termite Castes^ (Bid. BuU.^ vol. xxxvi, Feb. 1919). 

Vertebrata .—In Concerning Reissner’s Fibre in Teleosts " 
{Joum. Comp. Neur.f vol. xxx, Feb. 1919)} Jordan records his 
studies on two teleosts, the brook trout and the samlet, and 
suggests that this structure does not function either directly 
or indirectly as a nervous mechanism. It is produced by the 
joining together of a number of tiny fibres produced by certain 
of the ependymal cells, and its constituent fibrils can be traced 
to the nudei of the parent cells. The ependymal fibrils of other 
cells in the roof of the canalis centralis, and also those that 
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produce Reissner’s fibre stain, similarly to elastin. The peculiar 
uplifting of the tail that was recorded by Nicholls after 
severing the posterior end of the fibre is also stated to have 
been obtained by other injuries to the tail of the fish not 
involving the fibre itself. 

Other papers include : 

White, “Association and Colour Discrimination in Mud-minnows and Stickle¬ 
backs’’ Exper. Zool~, vol. xxvii, Feb. 1919); Bigney, “The Effect of 

Adrenin on the Pigment Migration in the Melanophores of the Skin and in the 
Pigment Cells of the Retina of the Frog” (^Joum. Exper. ZooL, vol. xjcvii, Jan. 
1919); Clark, “ On the Relation of Certain Cells in the Tadpole’s Tail toward 
Vital Dyes ” (Anat. Eec., vol. xv, Dec. 1919); Swingle, “ Studies on the Relation 
of lodin to the Thyroid: I, The Effects of Feedii^ lodin to Normal and Thyroi- 
dectomised Tadpoles” {Joum. Exp. Zool., vol. xxvii, 1919); Swingle, “ II, Com¬ 
parison of the Thyroid Glands of lodin-fed and Normal Frog Larva Jan. 

1919). 

“ The Relation of Plumage to Ovarian Conditions in a 
Barred Pljrmouth Rock Pullet ” has been described by Cole 
and Lippincott {Biol. Bull., vol. ssxvi, March 1919). This 
pullet, normal at first, later assumed male plumage, and the 
apparent cause was the development of a large ovarian tumour. 
A piece of ovary from another pullet was subsequently im¬ 
planted in the pullet, and later the feathers removed from the 
left side of the body. When these feathers were regrown 
they were of the hen type, so that now one side was male- 
plumaged and the other side was female—^that is, as far as the 
structure and shape of the feathers were concerned; but, 
strangely enough, in both cases the width of the barring was 
that of the female. 

Other papers include : 

Allen, “ Glycogen in the Chick Embryo ” {Biol. Bull., vol. xxxvi, Jan. 1919); 
AIsop, “The Effect of Abnormal Temperatures upon the Developing Nervous 
System in the Chick Embryo" {Anat. Bee., voL xv, Jan. 1919); Danfbrth, “The 
Relation of Brachydactylism to Other Characteristics in the Domestic Fowl” 
{Amer. Joum. Anat., vol. xxv, March 1919); and Poynter, “Some Observations 
on Wound-Healing in the Early Embryo ” {Anc^. Bee., voL xvi, Maidt 19x9). 

Hartman has added two further papers to his series on 
Marsupial embryology in “ Studies in the Development of the 
Opossum {Didelphys virginiana ): III, Description of New 
Material on Maturation, Qeavage, and Entoderm Formation ; 
IV, The Bilaminar Blastocyst ” {Joum. Morph., vol. 3cczii, 
March 1919). In these papers the author records his observa- 
16 
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tions on a series of 641 normal eggs in a close succession of 
stages, probably a more complete set than has been dealt with 
in any other animal. They include stages from the ovarian 
and tubal egg through maturation, cleavage blastocyst forma¬ 
tion, entoderm formation, and the bilaminar stage, to the first 
proliferation of mesoderm. Entoderm appears almost as 
early as in the eutheria from mother cells of a unique type 
that differentiate in one-half of the blastocyst wall. A number 
of interesting features are described, and the whole is well 
illustrated. “ Studies on the Ovary of the Spermophile 
{Spermophilus dtellm tridecemlineati*s), with Special Reference 
to the Corpus Luteum,” have been placed on record by Drips 
{Amer. Joum. Anai., vol. xxv, March 1919). This fe an accoimt 
of the, activities of the reproductive organs of the animal dur¬ 
ing the period of functional activity, particularly emphasising 
the histological changes in the corpus luteum. Three stages 
are recognised : the stage of the formation of secretory granules, 
lasting throu^ most of the period of pregnancy ; the stage of 
formation of lipoid droplets ; and the stage of regression. 
Various experiments in ovariectomy, transplantation, etc., are 
also described, and their import discussed. Jordan describes 
“ The Histogenesis of Blood-platelets in the Yolk-sac of the 
Pig Embryo ” {Anal. Rec., vol. xv, Feb. 1919)* They arise 
from the giant-cells mainly, but also from the hemoblasts, either 
by the segmentation of the pseudopodia or by the fragmenta¬ 
tion of the larger areas of protoplasm. A similar mode of 
origin is encountered in both the yolk-sac and the red marrow 
of bones, and fortunately the absence of metachromatic granules 
from the osteoclasts enables them to be readily distinguished 
from the giant-cells. 

Other papers include: 

Allen» Application of the March! Method to the Study of the Radix Mosen** 
cephadica Trigemini in the Guinea-pig” {/curn. Comp. Neur,^ vol. xxx, Feb. 1919); 
Chapman, ** A Study of the Correlation of the Pelvic Structure, and the Habits 
of Certain Burrowing Mammals” {Amer. Joum, Anat^ vol xxv, 1919); Ellis, 
“A Preliminary Quantitative Study of the Purkinje Cells in Normal, Subnormal, 
and Senescent Human Cerebella, with Some Notes on Functional Localisation” 
(Joum. Comp^ Nmr,^ vol, xxx^ Feb. 1919); Hanson, “ Nerve Foramina in the Pig 
Scapula: a Peculiar Relation existing between the Dorsalis Branch of Several 
Spinal Nerves and the Superscapula in the Pig” (Anai. Rec.^ vol. xv, Jan. 1919); 
Hunt, •^The Variadons of the Inferior Thyroid Vein of the Domestic Cat” 

VoL xvi, March 1919) j Mejunkin, “The Origin of the Phagocytic Mononuclear 
Celb of the Feriph^ Blood’* (Amer. Joum. Amt,, vol xxv, Jan. 1919); Pcdil- 
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man, “Double Ureters in Human and Pig Embryos Hee., voLxv, Feb. 
1919); Scammon, “On the Development and Finer Structure ot the Corpus 
Adiposum Buccs * (iizd., Jan. 1919) ; Senior, “On the Development of the Arteries 
of the Human Lower Extremity® ( Amer ,/ oum . Amo /., voL xxv, Jan. 1919); 
Streeter, “Factors Involved in the Formation of the Filum Terminale”(f^nf., Jan. 
1919) ; and Thuringer, “ The Anatomy of a Dicephalic Pig {Monosomus d ^ ro - 
scpus ) ® { Anat . Rec.^ vol. xv, Feb. 1919}. 

General. —Jacobs, in “ Acclimatisation as a Factor affect¬ 
ing the Upper Thermal Death Points of Organisms ” (Joum. 
Exp. Zool., vol. xxvii, Jan. 1919), has made a study of the time- 
temperature relation in bringing about the death of starfish 
larvae and Paramcedum. The effect of a gradual rise of 
temperature is different in the two cases. In the starfish 
larvae, submitted to a gradual rise of temperature, death occurs 
at the point where the summation of time-temperature factors 
for the temperatures passed, reaches the total that is fatal to 
the animal if it were submitted to a constant temperature for 
a suflScient length of time to bring the total to the same amount; 
in Paramcedum, on the other hand, it is found that, if the tem- 
peratiure be raised quite slowly, it is not killed until the summa¬ 
tion of the Ui factors has exceeded the total of a constant 
temperature-time total. This extra amount of resistance is 
described by the author as “ surplus resistance,” and is inter¬ 
preted by him as acclimatisation. Using the method of mea¬ 
suring adopted in the paper, the starfish larvae aire in the 
vicinity of zero, while the Paramcedum was about 45“. 

Other papers include : 

AUee, “Note on Animal Distribution following a Hard Winter® {Biol. Bull., 
vol. xjowi, Feb. 1919); Allen, “A Technique which Preserves the Normal 
Cytological Conditions in both Germinal and Interstitial Tissue in the Testis of 
the Albino Rat {Mus norvegicus albinus)” {Anat. Rec., vol. xvi, March 1919); 
Lund, “Simple Method for Measuring CO* produced by Small Organisms” {Biol. 
Bull., vol. xxxvi, Feb. 1919) ; Pohlman, “The Use of Bayberry Wax in Hanlen- 
ing Paraffin Blocks® {Anai. Rec., voL xv, Feb. 1919); “A Modification of the 
Bom Paper-wax Reconstraction Plate,” and “The Use of a Simple Method of 
Recording the Relations in Serial Sections, particularly for Use in Teaching 
Embryology" (*&</., Feb. 1919). 

AHWBOFOZiOG-T. By A, G. Thacker, A.R.CSC., Public Museum, 

Gloucester. 

Much interesting matter will be found in the recently-estab¬ 
lished American quarterly publication entitled The American 
Journal of Physical Anthropology, which is edited by Prof. 
A. Hrdlicka. The first article in voL ii. No. i, of this journal 
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(being for January—^March 1919) is entitled “ Some Racial 
Characteristics of the Spleen Weight in Man," and is by Robert 
B. Bean and Wilmer Baker. The authors deal with the weight 
of the spleen in white people and the negro race respectively, 
giving data relating to both sexes, and their figures prove 
that the spleen is a much larger organ in the white race than 
in the negro. In the male sex the difference amounts to about 
25 per cent., and white women would appear to have spleens 
so per cent, larger than those of negresses. These differences 
are to be observed in both normal and pathological spleens. 
A second paper in the same journal which calls for special 
mention is one entitled " Inheritance of Eye-colour in Man,” 
by Hel&ie M. Boas. The authoress gives a series of statistics 
which she claims do not support the theory of the Mendelian 
inheritance of eye-colour. The arithmetical totals are, how¬ 
ever, not large, and it is therefore impossible to base any 
certain conclusions upon them; and in regard to the cases 
in which brown-eyed children have been born of parents both 
of whom are alleged to have had blue eyes, there is the diffi¬ 
culty, as the authoress herself points out, that persons with 
some brown in their eyes may well have been included among 
the group of ” blue-eyed ” parents. A third paper, by L. R. 
Sullivan, deals with the ” Samar ” united twins, and gives 
a photograph of the boys. 

The Journal of the Royal Anthropological Institute, vol. 
xlviii, pt. 2 (July to December 1918), is given up almost wholly 
to social anthropology. This number includes the first instal¬ 
ment of A. R. Brown's “ Notes on the Social Organisation of 
Australian Tribes.” These contributions are to include ” notes 
on the tribes about which the author has collected first-hand 
information from the natives themselves,” and the first instal¬ 
ment contains much interesting information about the Yaralde 
and other tribes. 

The Proceedings of the chief anthropological society of 
Austria often contain extremely interesting articles, and have 
done so even during the period of the war. Reference must 
therefore be made to the MitteUungen der Anthropologischen 
Gesellschaft in Wim, band adviii, heft 6, which is the latest 
issue of the Society's publication received. Among other 
contributions, this issue contains two articles of special interest. 
One of them is by F. Kieszling, and is entitled, ” Die Aurignacicn- 
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station im Gruebgraben bei Kammern in Niederoesterreich.” 
This article is illustrated by three good plates and by figures 
in the text. The second article is by Hella Schuerer von 
Waldheim, and is entitled, “ Vorgeschichtliche menschliche 
Funde aus Stillfried.” This article is illustrated by one plate 
showing Neolithic skulls. Stillfried is situated on the border 
between Lower Austria and Hungary. 

The Proceedings of the Prehistoric Society of East Anglia, for 
the year 1917-18 (vol. ii, pt. 4), fully maintain the reputation 
of the new society. The first article in the new issue is the 
Presidential Address by Reginald A. Smith, and is entitled, 
‘‘ Our Neighbours in the Neolithic Period.” In his address, Mr. 
Smith discusses in great detail the relics of the Neolithic period 
found in Scandinavia, North-Western Germany, the Low 
Countries, and Northern France. He deals particularly thor¬ 
oughly with the Neolithic period in Scandinavia, the Neolithic 
culture of that region having been worked out in great detail. 
The remains of this epoch found in Scandinavia are very plenti¬ 
ful, and it has been found possible to base upon the evidence 
which they afford a detailed and probably fairly accurate 
subdivision of the Neolithic period into smaller epochs. It is 
probable that the Neolithic period lends itself best to a three¬ 
fold subdivision. In the early stage the dog was the only 
domestic animal known, and the shell-mounds (otherwise 
known as kitchen-middens) contain the most nmnerous relics 
of the first period. It is probable that the so-called AzUian 
period should be included as a subdivision of the first division 
of the Neolithic. The Campigny culture of France must be 
regarded as a transition period between the Early and Middle 
Neolithic epochs. During the Campigny period pit-dwellings 
were constructed, and it is probable that cattle had begun to 
be domesticated. During the second subdivision,, the Middle 
Neolithic or Megalithic period, agriculture (as well as cattle- 
farming) was well understood, and lake-dwellings and Mega¬ 
lithic tombs were abundant. After this comes the late Neo¬ 
lithic or ” Epimegalithic ” subdivision, and stone cists are 
then found. A feature of Mr. Smith’s paper, which will be 
very valuable to students, is a table in which he gives a vocabu¬ 
lary of the technical terms used by archaeologists in referring 
to the Neolithic period, the vocabulary consisting of the six 
languages, Englbh, French, German, Norwe|;ian, Swedkh, 
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and Dankh. The address is one of the most interesting which 
Mr. Smith has ever published. A paper on a very different 
subject is contributed to these Proceedings by the Hon. Secre¬ 
tary of the Society, Mr. W. G. Qarke. This is entitled, “ The 
Icknield Way in East Anglia.” The paper is a detailed study 
of the eastern section of the famous ancient highway. The. 
Icknield Way clearly ante-dates the Roman occupation, and, 
though it was used by the Romans, it was not remade by them. 
” There is ample evidence,” says Mr. Qarke, “ that the East 
Anglian portion was an iihportant highway in Saxon times, 
and it so continued throughout the Middle Ages, remaining 
one of the chief highways into Norfolk from the west and 
south-west until the end of the seventeenth century, when it 
was superseded by turnpike roads.” Mr. Qarke believes that 
the way dates from the latter part of the Neolithic period. 

A paper which throws much %ht upon the primitive men¬ 
tality of the Lapps as recently as last century is to be found 
in Folk-Lore, vol. xxix. No. 3 (Sept. 1918). This article is by 
Charles J. Billon, and is entitled, “ Some Mythical Tales of the 
Lapps.” Most of the tales in question, as also many others, 
were obtained from a certain Pastor A. Fjellner, of Sorsele in 
Lappmark, who was bom in 1795. He lived to a great age, 
and in his declining years dictated folk-tales and folk-songs 
to various scholars, including Donner, the author of the work 
Lieder der Lappen. 

As is now well known, much has been discovered about 
the ancient Hittites during the last twenty years. Those 
interested in these people, who were in truth one of the most 
powerful nations of antiquity, may be referred to an article in 
the Journal of the Royal Asiatic Society, January 1919, which 
is by Prof. S. J. Crawford, and is entitled, ” Decipherment of 
the Hittite Language.” The great discoveries of Dr. Fried¬ 
rich Hrozny, of Vienna, proved that the Hittites spoke a 
language of the Indo-European group—and belonging to the 
Western division of that group. Hittite appears, in fact, to 
have been closely related to Latin. 

The following papers on Physical Antliropology may be 
recorded: 

In the American Journal of Physical Anikropology, vol. ii, No. i.~“ Hair 
Cdowr of die ItaKaas," by F, Boas; “Chaagea m Fetuses due to Formalin 
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Preservation,” by A. H. Schultz; “Anthropometry,” by A. Hrdlicka; “The 
International Agreement for the Unification of the Anthropometric Measurements 
to be made on the Living Subject,” being the Report of the Commission appointed 
by the Fourteenth International Congress of Prehistoric Anthropology and 
Archaeology at Geneva (1912); “English Translation of the Official Version,” by 
W. L, H. Duckworth; and “The Effect of the War upon the Americam Child,” 
by Ruth Mclntire. 

The following papers on Social Anthropology may be re¬ 
corded : 

In the Journal of the Royal Anthropological Institute^ vol. xlviii, pt, 2.— 

“ Some Sakai Beliefs and Customs,” by L H. N. Evans; “ The Two-handed Clubs 
of the Maoris,” by H. D. Skinner; aind “ Some Aspects of Nayar Life,” by K. M. 
Panikkar. 

In Man. —“Witches’ Transformations into Animals ” (December), and “Witches* 
Fertility Rites ” (April), by Miss M. A. Murray; “ The Agiba Kult of the Kerewa 
Culture,” by A. C. Haddon (December); “ Some Thoughts on the Subject of 
Language,” by A. H. Gardiner (January); “ Notes on Pokomchi (Guatemala),” by 
A. C. Breton (January); “ Hut-burning in the Ritual of India,” by W. Crooke 
(February) 5 “ Note on the Gourd as an Amulet in Japan,” by W. L. Hildeburgh 
(February); “The Highest known Maya Number,” by R, C. E. Long (March); 
“Mothers and Children at Laguna,” by Elsie C. Parsons (March); “Milk 
Customs of the Todas,” by Sir J. C. Frazer and K. R. Achariyar (March); and 
“ The Northern Babunda,” by E. Torday (April). 

In the Journal of the Royal Asiatic Society, January 1919,—“Four Assyrio- 
logical Notes,” by S. Langdon, and “ Labour Songs in India,” by W. Coldstream. 

In Folk-Lore, vol. xxix, No. 3.—“A Medieval Legend of the Terrestrial 
Paradise,”by M. Esposito; “The Provenience of Certain Negro Folk-tales,”by 
Elsie C. Parsons; “ ’Prentice Pillars; the Architect and his Pupil,” by W. Crooke; 
and “ The Black Pig of Kiltrustan,” by Eleanor Hull. 

And the following papers on Prehistoric Anthropology may 
be recorded : 

In the Proceedings of the Prehistoric Society of East Anglia, vol. ii, pt. 4.— 
“The Ancestry of the Mousterian Paleolithic Flint Implements,” also “The 
Flaking and Flake-characteristics of a Pre-Red-Crag Rostro-Carinate Flint 
Implement,” and also “The Fracturing of Flints by Natural Agencies in Geo¬ 
logical Deposits,” these three papers being by J. Reid Moir ; “ Surface Paleolithic 
Implements from the Chiltems,” by A. Peake; “ Surfiice Implements of a late 
Paleolithic Site,” by Major J. D. Hill; “A Flint-implement Factory Site near 
Milverton, Somerset,” by C. F. Moysey ; “ Flint Implements from the Plough¬ 
lands of South-west Leicestershire,” by A. J. Pickering; and “ More about Wind¬ 
mill Hill, Avebury, and Grime's Graves,” by the Rev. H. G. O. Kendall. 

In the Jotemal of the Royal Anthropological Institute, voL xlviii, pt 2.— 
“Excavarions Conducted at Ghar <Dalam (Malta) in the Summer of 19x7” by 

G. Despott. 

In Jl/dw.—“A Piece of Carved Chalk from Suffolk,” by J, Reid Moir 
(February), and a reply called, “The Latest Prehistoric Mare’s Nest,” by Sir 

H. H.Howorth(May). 1 
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PAIJBOVTOUIOT. By W. P. Pycraft, P.Z.S., A.L.S., F.R.A.I., British 

Museum (Natural History), London. 

That the list of palaeontological papers for the last twelve 
months is a short one is but natural, having regard to the 
troublous times through which we have just passed. Most 
will agree that at the head of that list, in importance, must be 
placed the Memoir on the Indigenous Mammals of Porto Rico, 
Living and Extinct, by H. E. Anthony {Memoirs of the Ameri¬ 
can Museum of Natural History, New Series, vol. ii, pt. 2). 

Bats are the only land-mammals now found in Porto Rico. 
But in the remote past Insectivora, Rodents, and Ground- 
sloths were represented. These, however, with one exception, 
became extinct before the advent of man on the island. This 
exception is found in the rodent Isolobodon, whose remains are 
found, with fragments of pottery, in the sheU-mounds which 
bespeak a primitive people, and show that this animal was a 
common source of food to these early inhabitants. The nearest 
living representatives of Isolobodon are the Hutias {Plagiodon 
and Capromys) of Cuba and Jamaica, and the South American 
Coypu. 

The modem Agoutis are represented by two genera, Heter- 
opsomys and Homopsomys ; though the author is of opinion 
that these must ultimately be merged into a single genus. 
But be this as it may, they are more nearly related to living 
forms than any others of this island save Isolobodon. 

More important, from the palaeontologist’s point of view, 
are the remains of two laige Chinchillids, Elasmodontcmtys 
and Heptaxodon. These present strikmg peculiarities of den¬ 
tition, and seem to have been derived from South American 
ancestors; the living Chinchillids having developed along 
other lines, and being in many respects less specialised. 

Perhaps 'the most interesting of all the remains which this 
island has yielded are those of the Insectivore Nesophontes, 
and the Ground-sloths Acratocnus. 

Nesophontes represents an exceedingly primitive type, 
widely separated from any existing Insectivores. This much 
is shown not only in the skull and dentition, but ailso in the 
rest of the skeleton. No living Insectivore, indeed, has such 
an assemblage of generalised characters, so that the gap be- 
• tween^ any of them and Nesophontes is very great. On the 
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whole its affinities are with Cenietes and Solettodon, themselves 
very primitive types. But it is more primitive than these, and 
should probably be regarded as ancestral to several of the living 
families of Insectivora. 

The two species of Ground-sloths, to which reference has 
been made, were related on the one hand to the much larger 
Megalocnm, of Cuba, and on the other to the more primitive 
Santa Cruz Megalonychidce. 

Quite apart from the value of this memoir to the palaeontolo¬ 
gist and the zoologist, it furnishes most important evidence as 
to the or^in of the West Indies. For it shows that the rela¬ 
tionships of most of the island mammalia run back to the 
South American Miocene. Surveying the evidence as a whole, 
the author inclines to the belief that the Antilles, up till late 
Pliocene times, formed one continuous land mass, connected 
with Central or South America, or both. And with this in¬ 
terpretation most will agree. 

His conclusions are based, it may be remarked, on ample 
material, and are supplemented by a number of very beautiful 
text-figures and plates showing not only skulls, teeth, and 
vertebrae, but also the appendicular skeleton. 

Prof. Heiury Fairfield Osborn’s Memoir, on the Equidae of 
the Oligocene, Miocene and Pliocene of North America, will 
ever be held in grateful remembrance {Memoirs of the American 
Museum of Natural History ; New Series, vol. ii, pt. i). All 
the genotypes, types, cotypes, paratypes, neotypes, and topo- 
types which have ever been figured aire here reproduced in 
facsimile. And more than this, many unfigured types are 
here reproduced for the first time. The labour of compilation 
which has been compressed into a little over 200 quarto pages, 
and a separate volume of plates, would have been wellnigh 
impossible for one author, but it has been accomplished in 
brilliant fashion by the united efforts of six of the foremost 
American palaeontologists. The condensed statements in re¬ 
gard to the tooth morphology of the fossil Equidce, ^d the 
section on the geologic horizons, and life-zones, will repay very 
careful study. 

Yet another has been added to the number of restorations 
of that remarkable reptile Triceraiops. This one by Mr. Charles 
Gilmore {Proc. U.S. Nat. Mus.^ vol. Iv). The modelling of the 
limbs in this latest attempt is by no means convincing. The 
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author’s observations on the osteology of the genus are valu¬ 
able, but we note that he ^ores the proposals of the American 
Committee on the nomenclature of the cranial elements of the 
Reptilia. The findings of that Committee, which were eminently 
soimd, were published by the Geological Society of America 
in 1917. 

In a short paper on the s^nificance of the divei^ence of 
the first digit in the primitive mammalian foot, Mr. J. W. 
Gidley has contrived to raise some interesting and im¬ 
portant points {Joum. of the Washington Academy of Sciences, 
vol. is). He comes to the conclusion that the primitive 
mammalian foot must have been primarily terrestrial, and 
that from this generalised type of foot, with divergent but not 
primarily opposable first digit, have been developed all sorts 
of modi^tions of foot structure. The divergence of the first 
di^t, he considers, is primarily an inheritance from the primi¬ 
tive reptilian condition, and cannot be considered as in any 
way supporting the hypothesis of an arboreal ancestry of the 
mammalia. 

Finally, mention must be made of the memoir on the 
Appendages of Trilobites, by Prof. C. D. Walcott [Smithsonian 
Miscellaneous Collections, vol. Ixvii, No. 4). For more than 
forty-five years the author has been working on this theme. 
He now publishes the notes and illustrations he has accumu¬ 
lated since 1894, and these will meet with the appreciation 
they deserve, not only by palaeontologists, but students of 
living Crustacea, for the author not only commands an un¬ 
rivalled knowledge of his subject, but he has had the further 
advantage of ezceptionadly fine material to work upon. 
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OPTICAL ACTIVITY 


By F. D, CHATTAWAY, F.R.S., D.Sc. 

Towards the close of the seventeenth century Erasmus Bar¬ 
tholin,* a Danish physician and philosopher, noted that a ray 
of light, in passing through a crystal, which had been sent to 
him from Iceland, was divided into two equal parts. Some 
few years later his observations were confirmed and extended 
by Christian Huygens, who found that the two new rays acquired 
peculiar properties which became evident when they were 
passed through a second crystal. 

Little fiurther progress was made for over a century until 
fitieime Louis Malus, a French Colonel of Engineers, discovered 
in 1808 that l^ht reflected at a certain angle from the surface 
of any transparent body acquired properties corresponding to 
those of the rays transmitted through Iceland spar. He was 
led to the discovery by casually examining, through a doubly 
refiracting crystal of calcite, the sunlighlt reflected from the 
windows of the Luxembourg Palace, when he was surprised 
to find that the two rays alternately disappeared as the crystal 
was rotated through successive right angles. 

To the alteration of the properties of light thus produced, 
Malus gave the name “ polarisation,” as on the emission theory 
which he held at the time he attributed it to a kind of polarity 
of the light corpuscles, and the term has been retained. The 
reflection plane itself—that is, the plane passing through the 
incident ray and the normal to the reflecting surface—was 
des^ated the “ plane of polarisation.” 

* ‘‘Eta3mus Bartholin: An accompt of SundryE:^)eriments made and com- 
municated by that Learned Mathematician, Dr. Erasmus Bartholin, upon a 
Cfatystal-'lilce Body, sent to him out of Island,” PMk Tra$u. January 1670/yx, 
No. 67, p. 2039. 
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Malus, unhappily, was not able to continue the work so 
brilliantly begun. His health had been undermined during 
his military service with the Egyptian Expedition of Napoleon, 
and within four years he died of phthisis in Paris on February 2 3, 
1812. 

The next advance was made by Arago, who in 1811 dis¬ 
covered that when a ray of polarised light, after it had passed 
perpendicularly through a quartz plate cut in a direction at 
r^ht angles to its axis, was analysed by a rhomb of Iceland 
spar, two rays colovued in complementary tints were produced 
in all positions of the rhomb. Arago noted that the appear¬ 
ances presented were exactly those which would be observed 
if the different coloured components of the incident white 
light emerging from the quartz plate were polarised in different 
planes. 

The further development of this discovery, which singu¬ 
larly enoT:^h Arago did not follow up, we owe to Biot. He 
produced the polarised light separately from different parts 
of the spectrum, and found that theyoriginal plane of polarisa¬ 
tion was rotated by the quartz through an angle proportional 
to the thickness of the plate, that this angle was different for 
each of the primary colours, and increased according to a 
definite law with the refrangibility of the light. He also made 
the further noteworthy observation that, when the quartz plates 
were cut from different varieties of crystals, some rotated the 
plane of polarisation to the right, others to a similar extent to 
the left. 

Substances thus able to rotate the plane of polarisation of 
light are termed “ optically active.” 

Biot passed from this to a still more fruitful discovery, 
that a number of natural organic substances, such as oil of 
turpentine in the liquid or gaseous condition, and solutions 
of sugar, camphor and tartaric acid, also rotate the plane of 
polarisation of l^ht. This behaviour of gaseous, liquid and 
dissolved substances showed that optical activity was not 
necessarily connected with the crystalline state, but in certain 
cases, at least, resided in the individual molecules of which the 
bodies were composed. 

Biot found that, as with solid quartz, the rotation pro¬ 
duced in the plane of polarisation of light by passage through 
a liquid or dissolved active substance is dependent upon the 
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wave-length of the light used, and upon the temperature and 
the thickness of the layer of substance through which the 
light passes. 

About the time of Biot’s discovery (1815) which first 
brought the phenomena of polarisation under the consideration 
of chemists, Mitscherlich observed the dose connection exist¬ 
ing between crystalline form and chemical composition, a 
circumstance which naturally directed attention also to crystal 
measurements. 

Haiiy had early divided quartz (xystals into two varieties 
showing hemihedral facets indined to the right or the left 
when the crystals were orientated in a given manner. The 
observations of Haiiy and Biot were brought into relationship 
by Herschel,^ who showed that the two kinds of hemihedral 
crystals were respectively dextro- and Isevo-rotatory, and 
conduded that the hemihedral facets were produced “ by the 
same cause which determines the displacement of the plane 
of polarisation of a ray traversing the crystal parallel to its 
axis.” Our knowledge of these obscure phenomena was a very 
little later advanced almost to the position in which it stands 
at the present day. About the beginning of the second quarter 
of the nineteenth century the interest of chemists was mainly 
centred on substances of organic origin, and one of the most 
interesting problems of the time was the relationship of the 
“ acid from the Vosges,” or racemic acid, to the long-known 
tartaric acid. A careful investigation by Berzelius had em¬ 
phasised their close resemblance, the chief difference being that, 
whilst tartaric acid and its salts were dextro-rotatory, racemic 
acid and its salts were optically inactive. 

A crystallographic examination of the double sodium 
ammonium salts of the two acids by Mitscherlich only served 
to render the difference less explicable, for he stated in a com¬ 
munication to the French Academy in 1844 that the two salts 
had the same chemical composition, the same crystalline form 
with identical angles, the same density and the same double 
refraction. With the exception of the presence or absence of 
optical activity the salts were as similar as seemed possible 
without being identical. 

Mitscherlich concluded from this similarity of properties 
that the nature and the number of the atoms in the molecule, 
‘ Tram. Camb,<PhU, See. iSSs, 1 ,43. 
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their arrangement and distances apart, were the same in the 
two salts. 

Matters were in this condition when, in 1848, Pasteur, then 
a young man of twenty-six, made the first of his long series of 
brilliant discoveries. Having just completed his studies at the 
EcoleNormale, he decided to re-examine crystallographically 
tartaric acid and its salts in order to perfect himself in crystal 
measiurement, a subject which much attracted him. In this 
re-examination he noticed that hemihedral facets, although 
not very obvious, and consequently unrecognised by previous 
observers, were present on the aystals both of tartaric acid and 
of its salts. 

Pasteur, bemg acquainted with Herschel’s proof of the 
connection between the hemihedry and the optical activity of 
quartz, became convinced that a similar relationship must 
exist between the hemihedry of the tartrates and tKeir optical 
activity. He reasoned that, although Mitscherlich had failed 
to observe hemihedral facets on crystals of ammonium sodium 
tartrate, he was probably correct in the statement that they 
did not exist on the crystals of the inactive ammonium sodium 
racemate. 

To his surprise, however, he foimd hemihedral facets also 
on the crystals obtained by allowing a solution of ammonium 
sodium racemate to evaporate slowly at the ordinary tempera¬ 
ture. On examining both the tartrate and racemate crystab 
more closely, however, he foimd that there was a difference 
between them, for, whilst in the tartrate the hemihedral facets 
were identically dbposed, in the racemate the disposition was 
of two kinds, conventionally termed right-handed and left- 
handed respectively. Faced by thb imexpected result, ho 
carefully picked out the right-handed crystals from the left 
and examined a solution of each in the polariscope. He then 
found that the solution of the right-handed crystab was dextro¬ 
rotatory and that of the left-handed laevo-rotatory, whibt a 
solution of equal weights of each of the two kinds was inactive 
to polarbed light in consequence of the compensating equal 
but opposite activities of the two forms. 

From these active salts he prepared the two corresponding 
active tartaric acids. The bevo variety of the acid had up to 
that time been unknown. These varieties were not dbtin- 
guishabb che mic a l ly, and crystallised in similar forms with 
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identical angles, the only difference between them consisting 
in the r^ht- and left-handed disposition of their hemihedral 
facets and in the r^ht- and left-handed directions of their equal 
rotatory powers. 

Pasteur at once grasped the full significance of his discovery, 
and concluded that in the molecules of these closely related 
acids the atomic arrangements must be so nearly identical 
that they differ only as an asymmetric ‘ object and its image, 
and he put the question, “Are the atoms of the dextro-acid 
grouped in the form of a right-handed spiral or are they placed 
at the angles of a regular tetrahedron or disposed according to 
some other asymmetric non-superposable arrangement ? ’’ 

It is a striking mark of Pasteur’s genius that, before leaving 
the study of the phenomena of optical activity, he had carried 
it as far as the knowledge of the time regarding the structure 
of the chemical molecule allowed. 

About that period the idea of molecular structure was 
only just beginning to take shape. This in its most complete 
form we owe to Kekul6, and even he for over twenty years 
appears to have looked upon formulae as geometricail figures 
drawn upon paper, and hence never to have regarded the 
atoms as arramged in more than one plane. 

Chemical theory, however, only advances when a need 
arises, and it was not till about 1870 that the inadequacy of 
plane formulae began to be felt and the necessity for space 
formulae recognised. 

As we have seen, Paisteur clearly realised that optical 
activity, since it is shown by liquids and dissolved substainces, 
must in such cases be due to lack of symmetry in the molecule 
itself and not to the way molecules are built up into crystals, 
and stated with precision that this unsymmetric molecular 
structure must be related in each pair of isomers as an “ asym¬ 
metric ’’ object is to its mirror image. 

Adopting Kekul^’s idea of the tetravalency of carbon, 
van't Hoff and Le Bel in 1874 independently defined for carbon 
compounds the conditions under which such an asymmetric 
structure could appear, namely, when a carbon atom was 
attached to four different .groups. 

‘ The term “ asymmetric,” used by Pasteur, and, following Mm, by most dwmists 
up to the present time, is not strictly correct, inasmuch as enantiomorphous 
objects are loumn wMch are not totally devoid of symmetry. 
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Van’t Hoff, in addition, adopted the tetrahedron as the 
formal representation of the carbon atom in this new aspect. 

It ought, however, to be repeated that the state of know¬ 
ledge at the time of Pasteur’s work did not enable him to put 
forward anything like a complete theory, which could only 
come after ideas of molecular grouping had become much 
more precise. 

The views of van’t Hoff and Le Bel rapidly gained accep¬ 
tance, for not only did these chemists state the basic principle, 
but they showed that it apjdied to most known active sub¬ 
stances, and enabled the possible existence of others to be 
predicted. 

The field of experimental inquiry thus opened was so vast 
that for many years the study of optical activity was almost 
entirely restricted to carbon compounds. 

The possibility of other multivalent elements serving as 
the nucleus of asymmetric groupings must, however, have ^ 
been present to the minds of all chemists approaching the pro¬ 
blem, and the element nitrogen soon attracted attention iti this 
connection. General considerations led to the conclusion that 
m trivalent nitrogen compounds the combined atoms or groups 
would, under the influence of molecular attraction, arrange 
themselves symmetrically round the nitrogen atom and thus 
would lie with it in one plane, which is therefore a plane of 
symmetry. 

Consequently no trivalent nitrogen compound should show 
optical activity or be resolvable into optically active com¬ 
pounds. This conclusion has been established by experiment, 
all attempts to resolve such compounds having hitherto proved 
unsuccessful. 

On the other hand, five different groups attached to a 
nitrogen atom might be disposed so as to form an enantio- 
morphous grouping, the pentavalent nitrogen atom thus act¬ 
ing as a centre of optical activity in the same way as a carbon 
atom. 

The correctness of this deduction was first established by 
Le Bel, who showed that a solution of isobutyl propyl ethyl- 
ammonium chloride, when subjected to the action of moulds, 
became laevo-rotatory, the dextro-rotatory isomer being prefer¬ 
entially destroyed. It was brilliantly confirmed by Pope and 
Peachey, who succeeded in isolating the two oppositely active 
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modifications of benzyl-phenyl-allyl-methyl-anunonium-iodide 
(QHsCHj) (CeHs) (CjHs) (CHs) NI by combining the base with 
Reychler’s dextro-camphor sulphonic acid,‘ and fractionally 
crystallising the salt from acetone. 

Almost immediately after it had been thus established that 
pentavalent nitrogen can replace carbon as a centre of optical 
activity, it was 'shown that sulphur and selenium can act 
similarly. 

During the past decade what is without question the 
greatest advance in our knowledge of optically active com¬ 
pounds has been made by Dr. A. Werner, Professor of Chemistry 
in the University of Zurich, who has resolved into active com¬ 
ponents a number of complex derivatives of cobalt, chromium, 
iron and rhodium. This work, which has received only a very 
grudging acknowledgment in this country, is a natural develop¬ 
ment of his ideas upon the constitution of these compounds 
following upon a change of conception of that somewhat vague 
property of the atom which we call valency. 

Valency is a term introduced in order to obtain a numerical 
expression, for the attraction exercised by one atom upon 
another. When the atomic theory in its modem form was first 
put forward it was inevitable that atoms should be assumed to 
combine singly when forming their simplest compounds. 
Determuiations of molecular weight, however, based upon a 
few simple assumptions, soon showed that this was not true, 
but that some atoms had the power of holding more than one 
other atom in combination, and in the case of many elements 
that the number of other atoms with which one atom of the 
element can combine depends on the nature of all of the com¬ 
bining atoms, and on the conditions (particularly those of 
temperature and pressure) under which combination takes 
place. 

With the development of the idea of valency as a property 

^ This is a modification of a method which we also owe to the remarkable 
scientific insight of Pasteur. He reasoned that, although the two active tartaric 
acids, when combined with inactive bases, such as potash or soda, yielded salts of 
the same solubility, it was unlikely that this would be the case when they were 
combined with bases active in themselves, such as quinine, strychnine, or brucine, 
and that the solubilities of such salts might differ so widely as to render them 
separable by this means. This conclusion, which experiment confirmed, led to 
the most generally applicable method for the separation of opdcally active acids 
and bases. 
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of the atom, measured by the maximum number of certain 
ato ms which the grouping atom can hold in stable union, 
arose the conception of ordered arrangement within the mole¬ 
cule. The discovery of isomerism associated such ordered 
structure with definite properties. 

The idea of structure led to a system of schematic repre¬ 
sentation in which the molecules were depicted as frameworks 
in which valency was represented by lines or strokes proceed¬ 
ing from the atoms as though they were mechanical means of 
attachment. 

Formulae thus constituted were especially serviceable in 
oiganic chemistry, but they introduced a belief or tadt assump¬ 
tion that the attraction bringing about combination was 
divided up into a definite number of equal parts acting in 
.definite directions from particular points upon the atom. 
Deviation from these fixed directions was only possible with 
loss of attractive force, strain and consequent looser attach¬ 
ment. Further, since such forces could not exist without 
some corresponding force to neutralise them, this, naturally, 
led to the conception of latent valendes as an explanation of 
the phenomena of variable valency. The forces unexerted 
upon other atoms were regarded as mutually satisfying each 
other. 

In recent years, following Werner, the tendency among 
chemists has been to abandon these ideas and to revert to the 
older and simpler conception of affinity as a force exerted 
uniformly outwards from atoms and balanced by the similarly 
exerted attraction of other atoms in combination with them. 

Any association of atoms may therefore possess affinity— 
that is, be capable of exerting attraction upon other atoms or 
groups. G>nsequently, there is no reason why a molecule 
should not replace an atom, or vice versa. 

It follows naturally that there must be a space-limit to the 
number of atoms or molecules which any given atom can 
associate or hold together, and this must be connected with 
the actual volumes of the atoms or with the spaces over which 
they exert an effective influence, thus preventing other atoms 
or groups from entering. 

Further, as the attractive force must diminish in some 
way as the distance separating the centres of the attracting 
atoms increases, the union can only be stable if this distance 



251 


ARTICLES 

does not exceed a certain limit. The number of atoms or 
groups which another atom can hold with a maximum force is 
therefore of necessity restricted, and whilst, by the resultant 
attractive force of this close aggregate, other atoms or molecules 
may be held, the imion will be feeble and liable to be dis¬ 
turbed by the competing attraction of other molecules among 
which they may find themselves, e.g. if molecules are so at¬ 
tached they may be broken off when brought into solution, 
or atoms under similar circumstances may be ionised. 

The maximum number of atoms or molecules which a 
grouping atom can hold in stable combination with itself is 
termed by Werner the “ co-ordination number.” This is found 
to be to a considerable extent independent of the nature of 
the central atom, and for many elements is six. 

These six atoms, or groups, are so firmly held in a more or 
less complete enveloping sphere or shell enclosing the central 
nuclear atom, that they are incapable of separate ionisation. 
Other atoms or groups held by the residual affinity of the 
central group are in an outer or ionisable zone. 

These theories have been chiefly developed in connection 
with the complicated addition compounds which certain 
metallic salts, notably those of trivalent cobalt and of chromium, 
form with other molecules, as for example ; 

CoQs-dNHj, CoaszNHj-zHsO, Co(NOi)8*3NH», 
Co(NO,)s- 2 NHs-KNOa 

According to the views of Werner, which have brought such 
apparently differently constituted compounds into an ordered 
system, they all contain a radicle which may be basic, neutral 
or acidic, consisting of a trivalent metallic atom such as cobalt 
or chromium associated with six other molecules, atoms or 
groups which may be ammonia or some similar basic substance 
(as ethylene diamine or pyridine), or water or halogen atoms, 
or groups such as NO*, or partly one and partly others; e.g. the 
radicles in the compoimds cited are 

[Co(NH,)J++^, CCo(NH8)s(H.O)8aj-, CCo(NH,),{NO,),r, 
[Co(NH,).(NO),)4]- 

The valency and chemical character of these radicles are found 
to depend not only upon the grouping metallic atom, but also 
upon the nature of the six molecules, atoms, or groups with 
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which it is associated. The maximum valency of such radicles, 
whether basic or acidic, is with a trivalent metal such as cobalt 
or chromium three, and this maximum valency is only exerted 
when all the associated groups are of the same character and 
it diminishes to zero as one to three groups of opposite sign 
enter the molecule. The compounds cited are therefore fully 
formulated thus : 

[Co(NH,)e]Cl„ CCo(NH,),(H,0).aja, [Co(NH,),{NO,)J, 
[Co(NH8),(NO.)43K 

A very large number of substances of this nature are known 
in which ammonia is replaced by other groups or radicles; for 
example, pyridine can replace ammonia molecule for molecule, 
ethylene diamine and propylene diamin? can each replace two 
molecules of ammonia. 

The residues of dibasic acids, of oxalic of sulphuric 

(SO4), of carbonic (COa) can in such radicles replace two mono¬ 
valent negative groups or atoms such as NO* or Q. There 
are besides, possible replacements of ammonia which leave the 
valency of the complex unalEPected; one of these is of great 
importance—^the replacement of ammonia by water molecule 
for molecule. 

Such complexes may be represented as follows : 

!TiIeAt]+++ . . . [MeAt„X;]“+'+‘’‘-' . . . (MeXj]--- 

where Me is a metallic atom, A a molecule of ammonia, or its 
equivalent in water, pyridine or a diamine, and X a negative 
group or atom, such as NO, or Q or its equivalent, the valency 
of the complex being represented by negative or positive si^s, 
as shown. These complexes are held together by the metallic 
atom Me, the affinity of which is mainly exerted in holding 
together in firm attachment the six groups associated with it. 
The valency and chemical character of the complex is deter¬ 
mined partly by the nature of the metallic atom, but very 
largely by the nature of the six groups, the replacement of a 
positive group such as ammonia by a negative group such as 
Q diminishing the positive valency by one unit or increasing 
the negative valency similarly. 

Werner assiunes that in these complexes the six groups are 
symmetrically distributed round the metallic atom and that 
they effectively occupy all the available space within which 
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the attraction is sufficiently strong to hold them in stable non- 
ionisable union. The other ionisable groups attached to them 
he assumes to be outside this space held in a less firm union 
by the resultant of all the forces operating, not only those of 
the central atom but of the closely associated groups. The 
inner space which no other group or atom can enter without 
displacing some atom or molecule already there is sometimes 
spoken of as the inner sphere, or zone, or first sphere of attrac¬ 
tion, in contradistinction to the outer sphere, or zone in which 
those atoms not forming part of the complex are assumed to 
find their place. 

Grantmg that such complexes exist, the simplest assump¬ 
tion regarding their structure, if the associated groups or atoms 
are similar, is that they are symmetrically disposed upon the 
surface of a sphere at the centre of which the grouping atom 
is situated. This sphere would be somewhat deformed if the 
groups were different, but would in either case constitute a 
sort of shell surrounding the inner atom. Six similar particles 
symmetrically distributed upon the surface of a sphere are in 
the positions of the angular points numbered 1-6 of the regular 
octahedron of Fig. i. This arrangement can be conveniently 
set up in t37pe in the form of Fig. 2, which will be used through¬ 
out this paper for the various octahedral formulae required. 



If the atoms, groups or molecules are not identical, the rela¬ 
tive positions wiU be the same, and all the spatial relationships 
will be unaltered though the octahedron may be irregular. 

To complete the formulation of such compounds it is 

f 
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many structural and optical isomerides are predicted; for 
example, in the first we have the enantiomorphous isomerides 



and also the “ structural ” isomerides (not enantiomorphous) 



Bodies of such a complicated structure either have not hitherto 
been prepared or else their constitutions have not been suffi¬ 
ciently established for these conclusions to be put to the test. 
In more simple cases, however, also preceded by theory, it has 
been possible to test the conclusions reached, since it is not 
necessary for four or even three different groups to be present 
so long as at least two pairs are connected, inasmuch as only 
a different spatial orientation of the ctmnecUng chains is needed 
to cause molecular enantiomorphism. 

The possibility of such isomerism when only one kind of 
group is present is shown by the following figure and its mirror 
image where, using the above conventional representation, the 
connecting chains are represented by dotted lines *: 



* The figures can be better appreciated if models are used. These may con¬ 
veniently be made by cutting firom large corks octahedia cS about 2 cm. edge. 
Small pms vith glass heads or ordinary pins with beads covered by seaUng-wax 
vanously coloured may be used to represent atoms or groups, while chains may 
be represented by tlun strips of stiff paper carried by pins stuck into the corks at 
the angles. 
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tion of the oppositely active complexes being in every case 
possible owing to the widely differing solubility of the pairs 
of compounds thus produced. 

Various acids and bases were employed, laborious investi¬ 
gations having to be undertaken in each case to decide upon 
the most suitable. 

The simplest example of the first type is found in triethylene 
diamine cobaltic chloride: 

[Co(NH,-CH*-CHs-NH,)»]a, or "(CoenslCl,, 

which is made by leading a stream of air for many hours 
through a solution of cobaltous chloride containing an excess 
of ethylene diamine. The resolution of this compound, which 
may be given as an example, was effected by adding to it two- 
thirds of the equivalent amount of silver tartrate. On allow- 

ing the chloride tartrate formed to 

crystallise d-triethylene diamine cobaltic chloride tasixate 
separated. The laevo modification was obtained from the 
mother liquor. These active chloride tartrates were converted 
into the bromides of the active bases 

d]Co en$] Br* and l[Co en »3 Br» 

by treating them with a concentrated solution of hydro- 
bromic acid. 

Triethylene diamine chromic chloride (Cr enj] Q| and 
triethylene diamine rhodium chloride (Rh englCIj were simi¬ 
larly resolved, and recently a compound of platinum [Pt en*]X* 
has been added to the list. 

The fact that the optical activity of these compoimds de¬ 
pends neither upon the nature nor the valency of the central 
atom nor upon the ethylene diamine, but upon the enantio- 
morphous configuration of the molecule, was established by a 
s imilar resolution of the tri-a-o-dipyridyl ferro-compounds 

[Fe DipyT8]Xj, in which the base aa dipyridyl 

bined with ferrous iron. 

Many examples of the second type containing two molecules 

* The symbol en «■ NH» • CH* * CH» • NH», is used to simplify the foimulst. 
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of ethylene diamine have also been resolved by Werner. These 
indeed were the compounds first examined by him, and conform 
strictly to the theory, the cis compounds being all resolvable, 
whilst the trans compounds arc incapable of resolution. Among 
the cis compounds which have been resolved, generally by 
means of their camphor or d. bromo camphor sulphon.ites, 
may be mentioned the 3.4. dinitro, the 3.4 dichloro, and the 
3 chloro, 4 nitro ethylene diamine cobaltic salts, the 3 bromo and 
3 chloro 4 amine diethylene diamine cobaltic salts, and the 
3.4 dichloro diethylene diamine chromic salts of the formulae 



It may be noted that all attempts to resolve the trans 1-6 
dinitro diethylene diamine cobaltic salt of the constitution 


ivo^ 



uo^ 


winch, according to the theory, should be irresolvable, have 
failed, although a splendidly crystalline camphor sulphonate 
of the base cam be obtained. 
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The conception of the octahedral structure of these com¬ 
plex compounds leads to many further conclusions, some of 
the most far-reaching of which have lately received at Werner’s 
hands a most remarkable experimental verification. 

For example, in the case of those cobaltic compounds of the 
constitution [(NOa)2 Co en8)X which have already been referred 
to two series are known : 



Trans (Croceo-series). Cb (Flavo-series). 


If one of the ethylene diamine molecules’ in these com- 
poimds could be replaced by a similar but unsymmetrically 
constituted diamine, as, for example, propylene diamine 
NHa'CHj’CH (CHj)*NH 3( = pn) trans and cis modifications 
should again be possible, whilst the latter should be capable of 
existing in two structurally different forms in which the methyl 
group is near to or further removed from the plane in which 
the two NO* groups are situated. 



These predictions have been put to the test of experiment and 
confirmed; croceo and flavo salts have been obtained, and the 
latter have been found to exist in two forms, one termed the a 
or prismatic, crystallising in prisms, the second called the ^ or 
needle-shaped, crystallising in needles. 

Again, as propylene diamine contams an asymmetric car- 
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bon atom and consequently can be obtained in optically active 
d and 1 modifications, if in the preparation of the compounds 

[(NO,)* Co pnJx the oppositely active bases are employed, the 

theory predicts the possible existence of numerous optical 
isomerides. 

For example, the trans isomeride (croceo salt) of the for¬ 
mula [g ^Q* Co should exist in three forms, 

the d-trans compound \ racemic trans compound, 
the 1 -trans compound J 

whilst eight optically active modifications of the two series of 

cis-isomerides (flavo salts) of the constitution Co p^JX 

are theoretically possible due to diflferent spatial positions of 
the methyl group in complexes containing the two connecting 
diamine chains differently orientated as previously described, 
namely; 


In the a, or prismatic series: 

d- propylene diamine- 

(1. cobalt 

1. propylene diamine/f' 

1. cobalt 


In the yS, or needle series : 

d. propylene diamine/f' 

\1. cobalt 

L propylene diaminJ^' 


These eight optically active compounds should be able to 
combine in different ways to give eight partially racemic and 
two completely racemic compounds which may be sunnnarised 
as follows : 


Four compounds which are racemic with respect to cobalt. 
In the cu or prismatic series: 

fd. propylene diamine-d. cobalt + d. propylene diamine 
j -1. cobalt. 

jl. propyjene diamine-d. cobalt+1. propylene diamine 
-1. cobalt. 
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And in the or needle series : 



. propylene diamine-d. cobalt + d. propylene diamin« 
-1. cobalt. 

propylene diamine - d. cobalt +1. propylene diamine 
-1. cobalt. 


Four compoimds which are racenaic to propylene diamine. 


In the o, or prismatic series : 


3 . 


"d. cobalt-d. propylene diamine + d. cobalt-1. propy¬ 
lene diamine. 

1. cobalt-d. propylene diamine + 1. cobalt-1. propylene 
diamine. 


And in the or needle series ; 


fd. 


4 .^ 


1 . 


cobalt-d. propylene diamine + d. cobalt-1. propy¬ 
lene diamine. 

cobalt-d. propylene diamine +1. cobalt-1. propylene 
diamine- 


Finally, two completely racemic and inactive compounds of 
the constitution 

d. Pn-d.Co 4 - d.Pn-l.Co +l.Pn-d.Co + l.Pn-l.Co 
one in series a and one in series / 3 , should be obtained by com¬ 
bining in equimolecular proportions the pairs of oppositely 
active partially racemic compounds included in brackets either 
imder i or 3 or imder 2 or 4. 

All these predictions have been confirmed by actual e^»eri- 
ment, a result which, since optical activity is unquestion¬ 
ably connected with molecular enantiomorphism, gives strong 
support to those theories of constitution by which Werner 
first brought into ordered arrangement one of the most com¬ 
plicated and perplexing groups of compounds known to chemists. 
The new light which Werner’s work has thrown on the 
problems of molecular structure may be well-illustrated by a 
brief consideration of the constitution of a well-known double 
salt such as potassium chromium oxalate KgCr(Q04)8*3H,0. 
Whilst satisfactory formulae for the simple constituent oxa¬ 
lates are obtained by replacing the hydrogen in the formula 
of the add by an equivalent quantity of the metal a difficulty 
arises in assigning a* constitution to the double salt. How 
are the simple salts and the water of crystallisation severally 
combined 7 
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A few years ago no explanation was ever offered, the for¬ 
mula was written as above, or sometimes 
3K.C,04-2Cr,(C,04)3-6H.0. 

which, if it expresses anything beyond the ultimate composition, 
implies that the double salt is a loose a^3:egation of its three 
components. This, which may or may not be true with 
regard to the water of crystallisation, is certainly incorrect 
and misleading with regard to the other constituents, for in 
solution the salt does not show the characteristic behaviour 
either of a chromium salt or of an oxalate, whilst on the other 
hand it does give the characteristic reactions of a potassium 
salt. 

With the advent of the electrolytic dissociation theory the 
formula acquired the ionic form, K8‘*"^*Cr(C,04)a”' indicating 
in solution the presence of a negatively charged chromi-oxalate 
ion. This is a distinct advance, but it leaves untouched the 
question of the relationship of its parts. 

Werner’s views on the constitution of such complexes first 
suggested a structure, the consequences of which could be put 
to the test of experiment. If, as seemed likely from its be¬ 
haviour, the whole and not one-half of the oxalate residues were 
united to chromium, the simplest arrangement would be 
octahedral; if octahedral, the molecular configuration would 
be enantiomorphous, if enantiomorphous two forms should be 
separable and oppositely active. Experiment established the 
correctness of these conclusions, and the constitution of 
the complex ion can be regarded as settled in favour of the 
following orientation in space of the oxalic chains : 



Tbk marks a sutetantial advance, although two parts of the 
problem stfll await solution, the constitutional as opposed to 
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the electrical relationship of the three atoms of potassium to 
the nucleus and the nature of the chemical forces which deter¬ 
mine the inclusion of molecules of water in the crystals. 

In this, as in many other mstances, Werner has replaced 
vague and misleading ideas by dear and definite ones ; he has 
also opened up a new field of enquiry which seems likely to lead 
to a knowledge of the constitution of morganic compounds 
comparable with our present-day knowledge of organic struc¬ 
ture. 



THE IMPACT TESTING OF METALS 

By F. C. THOMPSON, D.Mbt., B.Sc., 
iAthtnr in Metallnrg]i, Unioertity, St^ld, 

The introduction of rapidly moving and severely stressed parts 
in engineering design, especially, perhaps, jp motor-car and 
aeroplane contraction, led to a search on the part of engineers 
for a test in which rapidly applied stresses were involved which 
should supplement the ordinary tensile test where the rate of 
loading is relatively slow. The work of Eaton Hodgkinson 
(1S47) and WShler (1859) paved the way for the so-called 
“ fati^e ” tests in which fracture of the sample is brought 
about by the rapid repetition of stresses often considerably 
below the elastic limit as determined in static tension. Many 
types of such test, which for some time enjoyed considerable 
popularity, have been devised, but in recent years, and especially 
during the war, in coimection with the inspection of material 
for air-craft construction, the fashion has changed. The " im¬ 
pact " test, in which fracture of the test-piece is effected by a 
single sudden blow, has replaced the fatigue test, in some forms 
of which millions of repetitions of comparatively small stresses 
were required. 

The literature of the subject is now somewhat voluminous, 
and an interesting bibliography is to be found in a paper by 
Dr. W. H. Hatfield {Proc. Inst. Meek. Eng., 1919, p. 347). 

The earlier work on impact testing revealed most exasperating 
discrepancies in the resistance of presumably the same material 
to sudden and severe stresses. For several years a controversy 
was carried on between those who claimed that a form of test 
which 3rielded such discordant results on samples which, so far 
as the usual methods of testing were concerned, were identical, 
was not worthy of credence, and those who saw in it a method 
so sensitive that variations shown by no other process were 
revealed. The latter view has been shown beyond doubt to be 
correct. Especially as a result of the work of Charpy and 
Comu-Thenard {Joum. Iron and Steel Imt., 1917, ii, p. 6x) 
it has been demonstrated that, given really uniform matcrial| 
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results agreeing within i or 2 per cent, can be obtained. It is, 
therefore, to variations in the steel under test that the apparent 
discrepancies observed are to be ascribed, this form of test now 
standing out as probably the most sensitive of all those used in 
the testing of materials of construction. The impact test has 
thus at last come into its own, an# both as a method of research 
in determining the best treatment for any given steel, and as 
a method of routine inspection, has been widely adopted. 

It has long been known that the special sensitiveness of this 
test was not displayed where plain bars of metal were employed; 
from some form of notched test-piece only was the full in¬ 
formation obtainable to be procured. Many varieties of notch 
have been suggested and used, but the fairly general consensus 
of opinion is now that a fairly sharp notch is best. When com¬ 
paring the V notch with the Copenhagen ” type, in which 
a straight cut ends in a cylindrical hole of relatively large 
diameter—2 mm.—^the superior sensitiveness of the former in 
picking out brittle material is clearly shown. Since this con¬ 
stitutes the whole raison (Piire of the test, the marked preference 
for the sharp notch is obviously justified. Although the radius 
at the base of the V should be as constant as possible (0*25 mm.), 
slight variations in this do not make sufficient difference to 
invalidate the test. The Mesnager notch, much used in France 
is 2 mm. deep, ending in a semicircular groove of i mm. radius. 
The work of PhUpot {Trans. Inst. Ant. Eng., April 1918) has 
shown that results of the same order as those obtained from 
impact tests are given by slow bending tests on similarly notched 
bars, and it would, therefore, appear that it is to the notched 
test-piece rather than the suddenness of the blow that the 
remarkable results are to be referred. Since, however, the 
notched bar test is more rapidly carried out in its impact foim, 
this is the one which finds the chief application. To the subject 
of the notch repeated reference will be made below. 

Concerning the types of machine designed for conducting 
impact tests, two distinct forms are in use, in which fracture is 
brought about by single and repeated blows respectively. The 
latter form of the test, of which the apparatus due to Dr. Stanton 
is the only one which need be referred to, occupies a position 
midway between the ** fatigue tests and the^ impact test 
proper. The test-piece, i inch in diameter and 6 i inches long, is 
placed on supports 4 inches apart. A groove, which in the form 
18 
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supplied by the Cambridge Scientific Instrument Co. is 0*05 inch 
deep and 0'05 inch wide, is made round the centre of the bar, 
the comers of the notch being practically square. This bar 
receives blows from a hammer weighing 47 lb., the height of 
fall of which can be varied. The test-piece is rotated through 
180® after each blow, about 100 of which are given per minute. 
The mzmber of blows endured before fracture occurs at the 
groove is recorded. In the paper by Hatfield to which refer¬ 
ence has already been made, results are given which reveal a 
very dose connection between the resistance of steels to the 
Stanton test and their true elastic limits. Something much 
more than this is required if the impact test is to justify its 
existence, with the result that this modification of the test 
finds but limited application, the single-blow variety being far 
more commonly employed. The results obtained from these 
■ two types of impact tests are often widely discordant, materials 
which, according to one test, show marked resistance to impact 
making a poor show when tested by the other.* 

In all the machines in common use for conducting impact 
' tests a bend test is employed. Other t3fpes have been suggested, 
but have found little or no support. Stanton and Bairstow 
{Ptoc. InsL Mech. Eng., 1908, p. 889) have described and 
figured an apparatus designed for carrying out impact tensile 
tests. Four forms of impact bend test are in fairly common 
use. The two best known of these, the Izod and Charpy types, 
both employ a falling pendulum to strike the blow. The 
Frdmont machine has a vertically-fallmg weight, while in the 
Guillery apparatus a rapidly revolving fly-wheel is used to 
impart the blow. The essentials of each form are as follows: 

In the Izod test the piece, 10 mm. square with a V notch 
a mm. deep at an angle of 45®, is clamped vertically with the 
notch on a level vidth the face of the die and facmg the pendulum. 
This is released by a spring attachment from a given height, 
and at the lowest point of its swing a knife edge which it carries 
strikes and breaks the test-piece. The residual energy is 
measured by a pointer which is moved over a graduated scale as 
the pendulum rises. The height of fall of the centre of mass of 
the pendulum is 2*5 feet, the striking velocity 13*6 foot-seconds. 

^ A considerable amount of information concerning the relationship of the 
Stanton to other tests will be found in the J<mm^ Iron and Steel Inst,^ Carnegie, 
TpUti,p.94. 
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The Charpy test differs from the foregoing chiefly in that 
the test-piece is loosely supported at both ends, the distance 
between the supports being 40 mm., and that the notch is placed 
on the opposite side of the test-piece to that on which the 
blow is received. Although, of course, a notch identical with 
that used in the Izod test can be and often is used, the specified 
form consists of a cut s mm. deep, terminating in a cylindrical 
hole mm. in diameter. The knife edge which comes in 
contact with the test-piece is here placed vertically in the 
pendulum | in the Izod machine it is horizontal. In the machine 
of the usual size the weight of the tup is 22*5 kilograms, the 
striking energy being 30 kilogram-metres. 

In the Fremont test the blow is received from a tup which 
has fallen vertically through a height of several metres, the 
striking velocity being higher than in either the Izod or Charpy 
forms. The testrpiece, 8 mm. by 10 mm., rests horizontally on 
supports 21 mm. apart, with a square notch i mm. deep and 
I mm. wide on the longer lower side. 

The standardisation of the impact test is, as a result of 
the work of Charpy and Cornu-Thenard, now fairly complete. 
Despite the differences in the types of apparatus described, the 
results obtained from similar samples with the same form of 
notch on all of the machines are practically the same. Not 
only is the type of machine without influence, but so also is 
the enei^ of the blow, provided that this is ample to produce 
fracture. The work done in breaking the test-piece is, therefore, 
a definite characteristic of the material. 

The results of the test are commonly espressed in terms^ of 
the difference in energy of the tup before and after fracturing 
the test-piece. As Mr. H. Brearley has pointed out, the work 
done upon the material is expended in the first place in starting 
the crack at the root of the notch, secondly in extending the 
crack across the bar, and thirdly in deforming the material in 
the neighbourhood of the crack. In view of this complexity, 
it is not surprising that no satisfactory general connection has 
so far been discovered between the dimensions of the bar^ and 
the work done in fracturing it in impact. All that it is at 
present possible to do is to record the work expended in breaking 
a clearly specified but quite arbitrary type of test-pi^- 

The unf ortunately fairly common practice of expressing these 
results in such terms as kilogram-metres per square centimetre 
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is most unsatisfactory. The energy used up in breaking, say, 
an Izod test-piece 0*8 sq. cm. in cross-section at the iiotcli, when 
multiplied by i-3S, does not give the energy required to fracture 
a test-piece whose dimensions are i cm. x i cm. at the base of 
the V. It has been suggested by Mimey {Revue d’Artillerie, 
July 1911) that if Ti and T» are the energies absorbed in 
fracturing two geometrically similar bars of the same material, 
T 

then ^ will be proportional to the cube of the homologous 
dimension, provided that 

Ml ^ = iJi 

M* ^Xa 

where Mi and Ms are the masses of the we^hts, Hi and Ha the 
distance fallen, and A and Da the distances apart of the sup¬ 
ports for the test-piece. The result is not, however, in agreement 
with esqperiments, except where deformation does not proceed 
as far as fracture and in the case of unnotched bars. For 
purposes of reducing the results obtained in ordinary impact 
tests on notched bars, it is useless. In the case of a bar of side 
X and notched with a standard groove, the total work done in 
producing fracture would require a fbrmxila of three terms 
of the form ax+ y*». The first term corresponds to the 
energy expended in starting the crack along the line of the 
notch, the second to that done in carrying it across the section 
of the tesP-piece, and the third to that used up in deforming 
adjacent material. Since it is often comparatively easy to 
continue the crack when once it is formed, the importance 
of the first time—neglected by Charpy and Comu-Thenard— 
is evident. The relative part which each of these factors 
plays will vary considerably in different materials. In, for 
instance, a hardened steel the resistance to deformation is very 
great. A crack, therefore, once started extends with ease and 
without appreciably deforming the surrounding material. A 
low impact value will thus be recorded. In the case, however, 
of a metal or alloy with a fairly low yield-point, it may not be 
poss^ole either to start or to propagate the crack without con¬ 
siderable distortion of the surrounding material. In this 
distortion considerable energy is used up, with the result that 
a hi^ impact figure will be given. It is not, therefore, possible 
to draw any hard-and-fast line, and say that above such and 
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such a value a material is tough, and below that value brittle. 
For a steel with a maximum stress of 100 tons per square inch, 
an impact value of 30 foot-pounds would be extraordinarily 
good; if the same figure were associated with a tenacity of 
60 tons per square inch it would be moderate, while for a 
20 or 30 ton steel it would be distinctly poor. 

In a crystalline a gg regate, as all metallic test-pieces are, 
both the crystalline portion and the intercrystalline surfaces 
make their influence felt. As pointed out by Mr. H. Brearley, 
brittle materials, which, like the hardened steel, yield low 
impact f^res, break between the adjacent crystals, which 
are hardly affected at all. The fractured surface of a brittle 
test-piece is strikingly crystalline. In the case, however, of a 
tough sample in which the intercr3?stalline strength exceeds 
that of the crystalline portion the reverse of the foregoing 
conditions obtains. The crack must pass through the crystals 
themselves; in so doing, considerable work is done on the sur¬ 
rounding parts, and a fibrous or sUky fracture is shown. The 
transition of a hardened steel from the brittle to the tough 
condition on tempering is in part at least due to the softening 
of the crystalline material, rather than to the increased strength 
of the interaystalline areas; and in determining at what tem¬ 
perature any given steel should be tempered to yield the 
toughest product, the impact test gives the highest results when 
tempering is carried out 50-100® C. below the carbon change- 
point. To the impact test, therefore, a hard material composed 
of large crystals is typically brittle, a more finely aystallme 
and softer one tough. 

In the case of a forged material, such as steel, the resistance 
to impact is closely bound up with the direction in which the 
test-piece itself is cut A sample cut longitudinally will yield 
far better results than one cut transversely to the direction of 
forging. The following results {Joum. Iron and Steel Inst., 
1918, ii, p. 24) will illustrate this influence: 

Angle of rTotch. with Work abeorhed on 

Direction of Rolling* Rupture (KUognua-metres). 

. . 1-3 

20 *. 1*5 

45 *. 3'4 

90*.I 3’5 

‘ The notch being perpendicular to the test-piece, this sample is cut trans¬ 
versely to the direction of rolling. 
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The explanation of these differences lies in the alinement 
of brittle impurities in the steel as a result of the rolling. 
Sulphur and phosphorus, present as manganese sulphide and 
as a solid solution of iron phosphide respectively, arc present 
in long-drawn-out threads elongated in the direction of the 
forging. 

The presence of slag in the steel, which will also be drawn 
out in the direction of the rolling, deleterious as it is from nearly 
every point of view, may yet exert a considerable influence in 
raising the resistance of the material to the impact test, provided 
that the test-piece be cut in a longitudinal direction. As the 
crack formed reaches a slag inclusion, which is perpendicular 
to, the direction in which it is growing, a tendency exists for a 
change of direction, the crack travelling along the line of the 
slag. Oriented in this way, slag fibres give an mereased resis¬ 
tance to impact. If, however, as in a transverse test-piece, the 
slag lies parallel to the crack, it merely greatly facilitates its 
passage through the material, very low impact values being 
obtained. This point is very clearly dealt with by Mr. H. 
Brearley {Joum. Manchester Association of Engineers, 1917, 
pp. 492 et seq.). 

The greatest triumph of the impact test has been the revela¬ 
tion of a'new and quite unespected type of brittleness to which 
certain alloy steels, especially those containing nickel and 
chromium, were liable. Tempered at temperatures around 
6oo-6so®C., and slowly cooled, the resistance of the steel to 
impact may be almost non-existent, while when rapidly cooled 
from the tempering temperature, the resistance is excellent. 
Thb phenomenon, usually known as “ tcmper-brittlencss,” is 
frequently not revealed at all by the tensile test, as the following 
figures, due to Mr. Brearley {loc. dt,), clearly show: 


Yield-point . 

tons per sq. in. 

A , 

45’o 

B 

45'6 

Maximum stress . 

S) 99 9 ) 

537 

52-4 

Elongation 

. per cent. 

21 'O 

21'0 

Reduction of area • 

• 99 99 

55'8 

S9‘3 

Impact value 

. ft,4bs. 

2'5 

76-5 


The two sets of tests were carried out on the same material 
similarly treated, except that sample A was slowly cooled in the 
furnace after tempering, B being quenched in water. Although 
the tensile test is to all intents and purposes unaffected, the 
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resistance to impact of A is only 3 per cent, of that of B. Steels 
of certain compositions show the brittleness fully ; the rate of 
cooling from the tempering temperature is the essential point; 
a steel which has become tough or brittle may by appropriate 
re-treatment be rendered the reverse; no structural change 
has so far been observed between the brittle and tough states; 
and finally certain casts of steel can never be rendered tough 
or others brittle. No explanation fully covering the facts has 
yet been given. 



THE CAPILLARY CIRCULATION 

By W. M. BAYLISS, r.R.S., M.A., D.Sc., 

JPrefessor of General Physiology^ University College^ London 

Although the part played by the small arteries, arterioles as 
they are usually called, in regulating the he^ht of the blood- 
pressure and the supply of blood to the tissues of the various 
organs is fairly well known, that of the capillaries and the 
veins remains more obscure. The fact that the arterioles pos¬ 
sess a muscular coat of relatively considerable thickness, while 
the capillaries consist merely of a single layer of epithelial cells, 
renders the mechanism of contraction and dilatation of the 
former easy to realise. Their nervous supply has also been 
worked out in some detail, and the facts of their active changes 
in calibre imder the stimulation of various nerves and under 
the influence of different kinds of drugs and other chemical 
substances are generally admitted. 

The veins also possess a muscular coat, but of much less 
thickness than that of the arterioles. Some evidence exists 
that they are capable of changes in calibre; but the object of 
the present article is to consider rather the facts that have 
come to l^ht in recent times with regard to the properties of 
the capillaries, together with the consequences, theoretical 
and practical, that follow from them. 

The difficulties in supposing that the capillary blood-vessels 
have the power of altering their calibre independently of the 
pressure of the blood entering them appear to be largely due 
to the absence of a muscular coat. On the other hand, a 
fairly copious supply of nerve fibres to them has been de¬ 
scribed, and we know that cells other than muscle cells can 
change their form when stimulated. The pigment cells of the 
skin in fish and frogs may be mentioned, and the spherical 
forms assumed by the amoeba and the leucocytes are familiar. 
Thus the absence of a muscular coat in the case of the capil¬ 
laries does not warrant a denial of the possibility of active 
changes in calibre in the latter. 
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If the reader will examine, under a low power of the micro¬ 
scope, the circulation in the web of the frog’s foot—and there 
is probably no more interesting thing in the whole of physi¬ 
ology—he will notice how great is the volume of the capillaries 
compared with that of the veins and arteries. He will see 
that the rate of the flow of blood in the arterioles is, accord¬ 
ingly, very much greater than that in the capillaries; and, 
remembering that the friction is proportional to the velocity, 
he will realise the great effect that changes in diameter of the 
arterioles have on the pressure on the arterial side of the system. 
But he will also appreciate how lai^ a volume - of blood can 
be contained in the capillary region, and that a comparatively 
small increase in the diameter of the capillaries, if present in a 
large part of the body, will suck up, as it were, a great propor¬ 
tion of the blood present in the circulation. The importance of 
this fact is that the amount flowing into the heart from the great 
veins will be less, and therefore also that driven out into the 
arteries on contraction of the ventricles. Hence there will be a 
fall in blood-pressure and deficient supply to the tissues gen¬ 
erally. Thus, although the capillaries may be wider, the ciurrent 
through them wfll be diminished by the decrease in driving 
pressure, in addition to the lower rate of flow involved in their 
increased width. Under ordinary circumstances, as described 
by Lister and by Langley, some of the capillaries are more or 
less empty of blood, and become filled only when dilatation 
occurs. This is an additional way in which blood is a,ccumu- 
lated in capUlary networks. This fact has recently been 
further investigated by Krogh, who shows that, in resting 
muscle, only a small number of the capillaries are filled with 
blood. In activity, a greater or less proportion of the re¬ 
mainder becomes dilated and conveys a current of blood. 
According to his experiments, it requires a fairly h^h pressure 
to open up the collapsed capillaries ; so that, if an increased 
supply of blood is needed by an organ, it is necessary that an 
active dilatation of the capillaries should occur, as weU as one 
of the arterioles. It appears that, if the latter alone were to 
take place, a comparatively small increase in blood-supply 
would be provided. If the capillaries alone dilate, there is no 
increase in total supply, or very little, and the blood which 
continues to flow will be greatly reduced in rate with a ten¬ 
dency to stagnation, with rapid loss of its baygen. This con- 



274 SCIENCE PROGRESS 

dition will be ex^gerated if the arterioles simultaneously con¬ 
strict, as happens under the action of histamine. 

That the capillaries are not merely passively distended or 
depleted according to the diameter of the arterioles supplying 
them is indicated by the common experience of two different 
effects of external cold on the skin. The colour of the skin 
in white races is almost entirely due to the blood in the capil¬ 
laries. When the blood-supply is cut off, the skin becomes 
white and cold. This may sometimes happen as the result of 
the constricting effect of cold on the arterioles; but there are 
also two familiar states produced by cold which are associated 
with increased depth of colour, and therefore with a greater 
content in blood. In one of these, the skin is red and warm ; 
in the other, on the contrary, it is blue and cold. It is clear 
that the warmth in the former case must be due to an increase 
in the current of warm blood flowing through the capillaries, 
and this can only be brought about by dilatation of the arteri¬ 
oles and capillaries.' The capillaries are thus filled with a 
rapidly renewed current of fresh warm blood. In this way, 
the skin is protected from the deleterious effects of cold. A 
compromise must be effected between the increased loss of 
heat from the body and the projection of the skin. It will 
be remembered that one of the means of getting rid of exces¬ 
sive heat is by dilatation of the vessels in the skin. What is 
the state of affairs when the skin is blue ? Bearing in mind 
the fact that the colour of the blood in the veins appears to 
be blue when looked at through the skin, we realise that this 
is the colour assumed when oxygen has been lost. The blue 
colour of the blood in the capillaries must be due, then, to its 
having lost more osygen than it does when the skin is red. 
Althoiigh the capfllaries are dilated, the current through 
them must be decreased, and this state can only be explained 
by an eacpansion of the capillaries independent of that of the 
arterioles, which are probably constricted. The coldness of 
the skin is readily eaplained on the basis of the slow circula¬ 
tion through it. An exa^eration of this blue state of the 
skin may be observed in certain pathological conditions, and 
appears to be easily brought about by esposure to cold in 
such cases. 

With regard to more definite experimental evidence of 
active chai^ in the capillaries, we may note the difihculty of 
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excluding passive effects due to changes in the arterioles. A 
dilatation in these vessels would raise the pressure at the 
place where they become capillaries, and naturally distend 
these to some extent. Lister in 1858 described dilatation of 
the capillaries in the frog's web under the action of chloroform 
and other agents. Roy and Graham Brown in 1880 con¬ 
firmed this observation, and believed that they had excluded 
the effect of the simultaneous dilatation of arterioles by the 
fact that if reflex stopping of the heart was brought about, 
so that the arterial pressure fell to zero, the dilated capillaries 
did not empty. This, however, is not completely convincing, 
because the elastic reaction of the capillaries m^ht not be 
sufficient to empty them after they had been stretched. If the 
passive stretching had caused an elastic reaction, it is difficult 
to see why the capillaries did not empty themselves back into 
the arterioles where the pressure was zero. Better evidence of 
independent action on the part of the capillaries is afforded 
by the observation of these investigators that the diameter of 
different capillaries is not in direct proportion to the arterial 
pressure. Two capillaries lying side by side may require veiy 
different external pressure to obliterate them, and, after a 
pause, that one which previously collapsed under the lower 
pressure may now require the higher one. 

In 1893, Worm-Miiller had shown that large quantities of 
blood could be injected into dogs without much rise of blood- 
pressure. The blood remained in the circulation, and post¬ 
mortem observations did not reveal a distension of the arteries 
and veins of sufficient degree to accommodate it. The con- 
dusioii was drawn that it was accumulated in the capillaries 
of the body generally. The adjustment is doubtless brought 
about by a nervous reflex. It may be that a sufficient ex¬ 
planation lies in dilatation of the arterioles and the resulting 
passive distension of the capillaries. If this be not accepted, 
and Krogh’s results cast doubt on the acceptability of the 
explanation, we must assume a direct nervous control of the 
capillaries by vaso-dilator nerves. 

Severini described experiments on the empty capillaries 
in excised tissues in which oxygen caused narrowing, carbon 
dioxide widening ; but Roy and Graham Brown failed to con¬ 
firm the observations. 

Other observations on capillary dilatation might be quoted. 
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but it will be seen that, so far, satisfactory experimental evi¬ 
dence of an independent activity on the part of the capillaries 
is wanting. This was not afforded until the experiments of 
Dale and Richards in 1918. Dale and Laidlaw in 1910 were 
stmck by the puzzling action on the blood-pressure of a base, 
histamine, obtained by removal of carbon dioxide from the 
amino-acid, histidine, a constituent of most proteins. In the 
dog, cat, and monkey, a marked fall of blood-pressure is pro¬ 
duced by very small doses. Now, in the case of certain other 
drt^s having this effect, depression of the heart being ex¬ 
cluded, it was known that dilatation of the arterioles was 
produced, and the explanation of the fall of blood-pressure 
was easily explained by decrease of peripheral resistance. 
But tests of the action of histamine on various kinds of smooth 
muscle, including that of the arteries, showed that it caused 
eontraction, and therefore narrowing of the arterioles, an effect 
which by itself alone would produce rise of blood-pressure. 
By a number of ingenious experiments, the details of which 
cannot be given here, Dale and Richards showed that his¬ 
tamine causes a widespread dilatation of the capillaries, inde¬ 
pendent of its effect on the arterioles, which are constricted. 
It is evident, therefore, that the capillary effect is great enough 
to overpower that of the arterioles. How is the fall of blood- 
pressure produced ? It seems improbable that a dilatation in 
such a wide bed as the capillary district, even m normal con¬ 
ditions, should have any marked effect in decreasing the peri¬ 
pheral resistance, especially when the arterial constriction has 
reduced the blood flow to a low degree of magnitude. The 
result must be due to removal of blood from actual circulation, 
an interpretation confirmed by the examination of the heart, 
which is seen to be empty of blood. In fact, the blood, soaked 
up by the capillaries as by a sponge, takes no more part in the 
^eral supply of the oi^ans with fresh oxygenated blood than 
if lost by hamorrhage. In this work, the fall of blood-pres¬ 
sure caused by very smaU doses of adrenaline in certain 
conditions was shown to be due to its dilator action on the 
capillaries. 

The practical interest of these experiments lies in the fact 
that histamine is one representative of a group 'of substances 
obtained by disintegration of the protein molecule. In the 
state of shock *’ brought on by extensive injury to tissues, 
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especially to muscle, whether by shell wounds or by surgical 
operations, observations made at the casualty clearing stations 
in the late war showed that a state of the circulation similar to 
that produced by histamine was present. The obvious con¬ 
nexion between severe shock and massive injury suggested 
experimental test. Col. Cannon, of Harvard University, and 
the present writer found that injury of the thigh muscles in 
anaesthetised cats and dogs brought on a condition like that 
of wound shock, and we were able to show that it was not due 
to irritation of nerves, but to the passage into the blood of 
some chemical product of the injured tissue. The fact that 
the state, whether accompanied by haemorrhage or not, owes 
its dangerous character to the want of blood in circulation, 
pointed to the treatment which alone was found successful— 
namely, the filling up of the circulation by transfusion of blood 
or of some appropriate artificial solution, such as gum arabic 
in saline. 

In regard to the nervous supply of the capillaries, some 
recent observations by Krogh are of importance. He shows 
that it is possible, by touching with a glass needle over the 
situation of a closed capillary in the frog’s tongue, to make 
this vessel dilate, and that the extent to which the dilatation 
spreads depends on the strength of the stimulus. A similar 
local effect can be obtained on an arteriole. Degeneration 
of the nerves to the tongue or the application of cocaine very 
nearly abolishes the effect, and what remains is sharply localised 
to the point stimulated. The conclusion is drawn that the 
spreading of the effect is due to an axon-reflex in sensory 
fibres, analogous to that suggested by myself (1901, p. 196) 
for the case of the vaso-dilatation produced by stimulation of 
the peripheral ends of sensory nerve fibres. 

There remains for brief discussion another aspect of the 
capillary circulation which has important physiological and 
pathological relations. In the shock produced by histamine, 
and also m that of wounds in man, it was found that not only 
was the blood in effective circulation diminished, but what 
was in circulation had become more or less concentrated by 
loss of plasma. To understand the cause of this phenomenon, 
we must consider the evidence as to the permeability of the 
chpillary wall. It is a familiar fact that, when blood is lost, 
fluid is taken up from that in tissue spaces in order to restore 
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the volume of the blood as far as possible. What is the nature 
of this fluid ? It was shown by Scott that, although the 
lymph outside the blood-vessels contains proteins, that which 
enters the blood is devoid of them, consisting only of a solu¬ 
tion of the salts and diffusible substances of small molecular 
size, such as glucose and amino-acids. In other words, th<» 
normal capillary wall is impermeable to proteins. If, then 
the proteins of the blood possess an osmotic pressure, this 
wUl be manifest in a tendency to absorb water from the out¬ 
side. Starling showed that they have such an osmotic pres¬ 
sure, and that it reaches the value of about 35 mm. of mercury. 
This may be regarded as the force tending to draw water into 
the blood. But on the arterial side of the circulation, the 
pressure inside the blood-vessels is over 150 mm. of mercury. 
This is opposed to the osmotic pressure, and the excess pressure 
causes the filtration of fluid (= lymph) outwards. Following 
the blood-pressure as it falls in its course from the arterioles 
to the capillaries, we find that the pressure inside the latter 
only amounts to some 10 mm. of mercury. This is less than 
the osmotic pressure of the proteins, and water is absorbed 
from the outside. The two processes, however, do not com¬ 
pletely compensate one another, and a certain quantity of the 
lymph is drained off by the lymphatic vessels, being ultimately 
returned to the blood by the thoracic duct. When we inject 
into the veins a solution containing salts or glucose only, we 
decrease the osmotic pressure of the proteins by dilution, more 
pressure is available for filtration, while the place where re¬ 
absorption begins is pushed farther towards the veins, so that 
a diminished area is in activity. The result is that the fluid 
injected leaves the circulation rapidly, and the blood returns 
to its diminished volume. This agrees with clin i ca l experi¬ 
ence. If, however, we add to our injection fluid a colloid 
possessing an osmotic pressure of the correct value, there is 
no tendency to loss by increased filtration, and if the permea¬ 
bility of the capillaries is normal the increased blood volume 
is permanent. The present writer has shown that the addition 
of 6 or 7 per cent, of gum arabic to the 0*9 per cent, sodium 
riiloride serves this purpose, and such a solution was in 
extensive use during the later period of the war. 

Incidentally, it may be remarked that the filtration of 
protein-free liquid from the blood-vessels owing to the pres- 
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sure therein is the view most generally accepted as the first 
stage of the production of urine. 

But there is another way in which increased exudation 
from capillaries may be brought about. Suppose that the 
walls become permeable, not only to salts, but also to colloids. 
There is then no osmotic force to oppose filtration, because the 
osmotic pressure of the proteins cannot be efiPective, Now, 
such an efifect is produced by histamine and other products 
of tissue destruction. If it has reached a high value by pro¬ 
longed action of the toxic substance, it cannot be restored to 
normal. Accordingly, in late and severe stages of wound 
shock, neither blood nor intravenous gum-saline is effective. 
The liquid escapes from the blood-vessels in a comparatively 
short time and the blood-pressure falls to its former low level. 
The occurrence of this condition is shown by the coincidence 
of a low blood-pressure with a high haemoglobin content of the 
blood, indicating loss of fluid, whereas normally the low pres¬ 
sure would be associated with dilution. This latter was, in 
fact, recognised as a favourable sign. If the change in permea¬ 
bility has not become too great, the introduction of blood or 
gum-saline may restore the normal state (see N. M. Keith). . 

A similar action to that of histamine on the permeability 
of the capillaries appears to be exerted by prolonged deficiency 
of blood-supply, probably owing to want of oxygen. The low 
pressure of shock in itself exa^erates the direct effect of the 
tissue toxins. 

I • In certain regions of the body, such as the liver, and to 
some extent the intestines, the capillaries are normally more 
permeable to proteins than in other regions, and lymph is 
accordingly more abundantly formed in such regions. It also 
contains a certain amount of protein. But, of course, the 
pressure in the portal vein is much lower than that m the 
arteries, and the lymph produced also ultimately finds its way 
back into the blood. 
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CORRESPONDENCE 

To THE Editor of “ Science Progress ” 

A NATIONAL SCIENCE LIBRARY 

From W. R. B. Prideaux, B.A. 

Dear Sir, —I should like to call Dr. Slade’s attention to the 
work for students which is actually being done by the Library 
Association, and further work which is in contemplation, and 
dependent only on the amount of support it receives from 
research workers of all kinds. 

The Library Association issues an Index to Periodicals 
which covers over 500 journals, and which could be expanded 
still further if adequate support were forthcoming. Subscribers 
to the 1915 and 1916 volumes have had the right, for a small 
fee, to borrow any article notice of which appears in the Index, 
and thus the opportunity was given to workers in any part of 
the country to keep themselves abreast of their specialty in 
their own homes at a trifling cost. These facilities for the loan 
of articles have hitherto remained a dead letter—^most probably 
because they have not been sufficiently widely known. Diffi¬ 
culties of storage may make it impossible in the future to lend the 
journals (though the loan scheme is still in operation), but in 
connection with the forthcoming issue of the Index (to cover 
the years 1917, 1918, and the first half of 1919) the Association 
hopes to establish an information bureau from which inquirers 
could obtain, for a small fee, lists of references on any topic, 
right down to the date of the inquiry. The sdieme is perfectly 
practicable, and only needs sufficient support. 

The Library Association would always be glad of helpful 
criticisms and suggestions, which may be addressed to me. I 
may add that the Index is not run for a profit, and is a co¬ 
operative work. At present the heavy e3q)enses of printing 
19 *8* 
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and publishing are not covered, so that more subscribers are 
urgently required if the work is to be continued and developed. 

Yours faithfully, 

W. R. B. Prideaux, B.A., 
Librarian of the Reform Club, London ; 
General Editor of the "Index to Periodicals!' 


THE INTELLIGENT RAT 
From Enoch Karrer 

Department of Commerce, Bureau of Standards, Washington 

Dear Sir, —In the last issue of Science Progress there 
appears an article on “ The Mathematical Amceba,” bearing 
upon anilnal intelligence. Will the following observations be 
of sufficient interest to you for publication ? 

Observation on the behaviour of the rat, indicating that 
the rat may learn by experience. 

The incident here recorded occurred in the chemical room 
of the Physical Laboratory of the United Gas Improvement 
of Philadelphia, in the fall of 1915. The first record made of 
it was on October 24, 1915. 

There is reason to believe that only one rat is concerned 
here ; for, after one rat was trapped, there were no further 
evidences of the presence of rats. 

This particular rat had been carrying away the half-bars of 
“ Ivory Soap ” to the shelves in an adjoining instrument-room 
and devouring them there, previous to the discovery that it was 
carrying the soap into the compartments of a table built against 
the north side of the same room, which contained the sink with 
the soap against the west wall. The table was 82 cm. high, 
,100 cm. wide, and of the length of the room. 

In the closed compartment below the table were kept the 
stock bottles of acids. The rat had entrance into these com¬ 
partments from the rear of the end about 6 ra. from the 
sink. The sink was 83 cm. above the floor. 

The habit of the rat was to carry the bar of soap from the 
sink to this acid compartment (7 m.), where it devoured the soap 
and gnawed off the paper labels marking the acid containers. 

A test with litmus showed these labels to be slightly acid. 
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and the soap to be slightly alkaline. Samples of faeces near 
the bottles were neutral. 

The acids whose labels were eaten or gnawed are nitric, 
hydrochloric, and sulphuric. 

The evidence seems to show that the rat had learned by 
experience or accident, under its normal conditions, that the 
food elements in the alkaline soap were slightly more palatable 
when taken with a sip of neutralising acid. 

The older the rat the wiser he may become I 

Yours very truly, 

Enoch Karrer. 


THE ICE-AGE QUESTION 

I.— From Major R. A. Marriott, D.S.O. 

Dear Sir, —^The remarks made by Mr. H. Spencer Jones under 
this heading, in the July number of Science Progress, appear 
to be an attempt to shelve rather than to solve this very 
important question. The evidence in favour of Drayson has 
now reached a stage which makes it less than ever “ not neces¬ 
sary ” for astronomers “ to enter into the reasons for the 
unanimous rejection ” of Drayson’s theory. 

Unfortunately, it is just these reasons that geologists and 
laymen wish to know. But, if astronomers would answer this 
one question satisfactorily, it would meet the requirements of 
the case. If Drayson’s reason for the continuous decrease of 
the obliquity is rejected, what takes its place ? 

Is it due to the action of the planets which, until the claims 
of Drajrson were put forward lately, was considered to be wholly 
negligible 7 ^ Or to what ? If the curve followed is now better 
known than when it was “ for small angles a circle, but for 
larger angles not a circle,” * let us have it. * 

The caution given against basing geological conclusions on 
the theory is wholly unnecessary, since all the main and essential 

‘ If due to the action of the planets, further questions under this head should 
be able to be answered—viz., What is the different axis, and how long the 
different penod? (See Science Peogress, April 1919, p. 601.) 

* Statements made by astronomer-correspondents of Drayson’s time, and 
recently. 
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facts were ascertained in absolute disregard of astronomy, and 
in ignorance of Drayson’s contention. 

To quote from the correspondence, " Even if such conclu¬ 
sions were in accordance with purely geological evidence, it 
would not necessarily follow that Drayson’s theory was correct.” 
Perhaps not; but when Drayson’s astronomy solves a crucial and 
fundamental question, to which astronomers have never given 
a satisfactory answer, and which they are now unable apparently 
to answer at all,^ and at the same time outlines certain cosmical 
conditions which should have prevailed on the earth during 
30,000 years, and which geologists independently, in different 
parts of the world, find to have existed and to have had a 
duration in strict accordance with the theory, it becomes an 
act of imreasoning b^otry to refuse investigation. 

Yours faithfully, 

R. A. Marrjott. 

Exbikr, 

Au£ust 1919. 


II. —From W. H. Hatfield, D.Met., The Brown, Firth, 
Research Laboratory, Sheffield 

Dear Sir, —In Science Progress of April this year we read 
an extremely interesting article by Major R. A. Marriott, D.S.O., 
in which the Draysonian theory relative to the Ice Age was 
discussed. We were extremely interested, and looked forward 
to the July Number m the hope that more matter on the same 
subject would appear, even if only in the nature of a discussion 
upon Major Marriott’s paper. We were, therefore, extremely 
disappointed that we only found a short letter by Mr. H. Spencer 
Jones. That writer simply considers it desirable to point out 
that astronomers generally do not accept Drayson’s theory, but 
does not attempt to give the necessary data which your readers, 
as scientific people, have a right to eapect when anyone con¬ 
troverts a theoiy which had been carefully explained. After 
a well-reasoned and very interesting article such as that which 
Major Marriott had prepared, I am of the opinion that it is 
hardly courteous, and certainly not truly scientific, for anyone 
to dismiss the matter so lightly as Mr. Jones has done, and I 

* A question as to the cause of the continuously decreasing obliquity was 
addressed to the Royal Observatory, and though a stamp was enclosed, no reply 
was received. 



CORRESPONDENCE 


285 

think that your readers have a right to expect such contributors 
not only to say that they disagree, but also to give the reasons 
for their point of view. I take it that all your readers are deeply 
immersed in some field or other of scientific work, and that 
Science Progress usefully and successfully enables us all to 
obtain a reasonably broad knowledge of the general trend of 
scientific work. As regards the Ice Age, it is clear that there 
we have a subject of very considerable interest to all of us, and 
my friends and myself look forward with much interest to the 
matter being further discussed. 

Yours faithfully, 

W. H. Hatfield. 



NOTES 


lord fiayle^rli (1842-1919) (Sir R. T. (llazel>rook, C.B., F.S.S.) 

John William Strutt, third Baron Rayleigh, was born on 
November 12, 1842, and succeeded his father in the title in 
1873. He took his B.A. degree at Cambridge in 1865, gradu¬ 
ating as Senior Wrangler. The same year he was first Smith’s 
prizeman, and in 1866 he became a Fellow of Trinity College. 
This position he held until the time of his marriage in 1871 to 
Evelsni, daughter of Mr. James Maitland Balfour of Wittinge- 
hame, and sister of Mr. A. J. Balfour, the Foreign Secretary. 
Two of their sons survive him—^Robert, his successor in the 
title, now Professor of Physics in the Imperial College, South 
Kensington; and Arthur, who through the War has served with 
the Grand Fleet. 

He lived at Terling until 1879, when, on Maxwell’s death, 
he accepted the invitation to become Cavendish Professor of 
Physics at Cambridge, a post which he held until 1884, This 
same year he took part as President, at Montreal, in the first 
Meeting of the British Association outside these islands. 

In 1887 he became Secretary of the Royal Society, an office 
he retained until 1896, while he was Professor of Natural 
Philosophy in the Royal Institution from 1887 to 190S. He 
was President of the Royal Society from 1905 to 1908. In this 
latter year he became Chancellor of the University of Cambridge 
in succession to the late (eighth) Duke of Devonshire. He was 
closely connected with the National Physical Laboratory from 
the time of its foundation, firct as Chairman of the Treasury 
Committee appointed to report on the desirability of establishing 
the Laboratory, then as Chairman of the Executive Committee, 
an office which he held almost up to the time of his death. 

He acted as adviser to the Government on'a number of 
Scientific matters such as Electrical Units, Explosives, Aero¬ 
nautics, Acoustical questions, and many others. 

In 190S he became a Privy Councillor ; he was also one of 
the first members of the Order of Merit, 

386 
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In 1904 he was awarded the Nobel Prize ; the Royal Society 
gave him the Copley, the Royal, and the Rumford medals ; 
he was an Officer of the Legion of Honour, Foreign Member of 
the Institute of France, and of many British and Foreign 
Scientific Societies, while he received degrees from numerous 
Universities at home and abroad. 

His papers from about 1870 to 1910 are contained in the 
five volumes of Collected Works, and to the 349 there printed 
others have been added since, which must bring the total well 
over 400. They cover the whole range of Mathematical Physics, 
and, to quote Sir J. J. Thomson’s appreciative article in Nature 
for July 10 last, " Not one of these is commonplace, there is not 
one which does not raise the level of our knowledge of the 
subject.” Besides these there is the great book on Sound, which 
has done more than any other work on the subject to put the 
fundamental laws of acoustics on a firm basis. 

A number of the earlier papers deal with optical questions, 
and these continued to have a special interest for Lord Rayleigh 
till the end. The last time the writer saw him at Terling, he 
was .working at the colours of beetles’ wings, and was much 
interested in the difficulties of the problem. The papers deal 
with the scattering of light by small particles, and by showing 
that the intensity of the scattered light is inversely propor¬ 
tional to the fourth power of the wave length, give a rational 
account of the blue of the sky ; the molecules of air are small 
enough to scatter some of the incident rays and deflect the blue 
rays much more copiously than the red. About this time, too, 
the theory of double refraction attracted him, and he investi¬ 
gated the question whether this could be explained by an selo- 
tropic distribution of inertia rather than of elasticity, as had been 
assumed by older writers. It was shown that, if the ether be 
treated as mcompressible, the assumption led to a form of wave 
other than that of Fresnel. This was, of course, before the 
days of Maxwell’s Electromagnetic Theory. 

During the same period the Theory of Sound appeared ; 
the first volume was published in 1877. It deals mainly with 
vibrating systems in general, and well bears out the claim 
made by its author in his preface for some novelty of treatment 
and results. The second volume appeared the following year. 

Then came the Cambridge period 187^1884. The Cavendish 
Laboratory had been opened in 1871 with Maxwell as the first 
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Professor. It was the gift to the University of the Chancellor, 
the seventh Duke of Devonshire. Laboratory training in 
Physics was almost unknown. Carey-Foster had established 
classes in University College, and Clifton was in charge of the 
Qarendon Laboratory at Oxford. Maxwell gathered round 
him a few senior students, among them Chrystal, W. D. Niven, 
Garnett, and Donald Macalister; but the Laboratory, though 
equipped with a large collection of lecture-room and similar 
apparatus, was not laid out for the training of the ordinary 
undergraduate. 

Rayleigh, with the help of his demonstrators, set himself 
to alter that. Classes in Practical Physics were organised, 
and the senior men, encouraged by the example of the Professor, 
began to undertake ph375ical research work. For himself he 
commenced that great series of Electrical Measurements which 
have formed the real starting-point of the system of Electrical 
Units to which the progress of Electrical Engineering is so 
greatly due. The unit of electrical resistance, the “ ohm ” 
had been first realised in concrete form by the work of Maxwell 
at King's College, but further investigation on the Continent 
had thrown some doubt on his result, and Rayleigh and Schuster 
undertook to solve the uncertainty. 

In his later work he had the assistance of his sister-in-law, 
Mrs. Sidgwick, and with her carried out his classical measure¬ 
ments on the Silver Voltameter and the Latimer Clark Cell, 
thus establishing definitely the units of resistance, current, 
and electromotive force. 

These researches illustrated in a marked degree Lord 
Rayleigh’s genius as an eaqjerimental physicist. The appara¬ 
tus employed, except when high precision was required, was of 
the simplest, that which came nearest to hand was utilised; 
and, whether at the Cavendish Laboratory or at his private 
laboratory at Terling, visitors were astonished at the means by 
which results of surprising accuracy, accuracy which has only 
been further substantiated by mofe elaborate research, were 
readied. 

During this same time there appeared also some remarkable 
short papers on optical questions, dealing with the resolving 
power of optical instruments and cognate matter. To him 
we owe much of the fundamental work connecting the aperture 
of an optical instrument with its power to distinguish the small 
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details of an object and the wave-length of the l^ht by which 
that object is seen. The article “ Optics ” in the ninth edition 
of the Encyclopcedia Britannica, which appeared in the year 1875, 
is by him, and in it will be found much of his optical work. 

The Cambridge period came to an end in 1884, and Lord 
Rayleigh returned to Terling, but previously to this, in an 
address in 1882 as President of the Mathematical and Physical 
Section of the British Association, he had indicated his next line 
of work. 

He wrote: “ The time has perhaps come when a redetermina¬ 
tion of the densities of the principal gases may be desirable— 
an undertaking for which I have made some preparations.” 
The discovery of Argon was heralded in 1892 by a letter 
to Nature which begins : “I am much puzzled by some 
recent results as to the density of Nitrogen ”—^he had pub¬ 
lished in 1887 and 1889 papers on the densities of hydrogen and 
oxygen, and the composition of water —“ and shall be much 
obliged if any of your chemical readers can offer suggestions as 
to the cause. According to two methods of preparation I 
obtain quite distinct values. The relative difference, amount¬ 
ing to about one-thousandth part, is small in itself”—^the 
difference ultimately found was one-two-hundredth —" but it 
lies entirely outside the errors of experiment, and can only be 
attributed to a variation in the character of the gas.-s 

” Is it possible,” he concludes, “ that the difference is 
independent of impurity, the nitrogen being in a different 
(dissociated) state ? ” 

Next year his paper on the densities of the principal gases 
was communicated to the Royal Society, in which it was con¬ 
clusively shown that chemically prepared nitrogen was l^hter 
than that obtained from the atmosphere. Atmospheric nitro¬ 
gen contained some unknown impurity, and Lord Rayleigh 
undertook to separate out the nitrogen from the air, and 
determine the nature of this unknown substance. This he did 
by effecting the combination of the nitrogen by the electric 
discharge, while Sir Wm. Ramsay, who at this stage had become 
associated with him in the work, accomplished the same result 
by passing air over heated magnesium, with the result that at 
the Oxford Meeting of the British Association in 1896 they were 
able to an n ounce that the atmosphere contains about one- 
half per cent, of a new gas—Atgon. Rayleigh had started 
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the hare, as Sir J. J. Thomson, in the article already referred to, 
says, “ not by a happy accident or by the application of new 
and more powerful methods than those al the disposal of his 
predecessors, but by that of the oldest of chemical methods, 
the use of the balance.” 

About the same time, 1896, he became closely connected 
with another important undertaking already alluded to, the 
organisation of an Institution which would do for England 
work similar to that accomplished for Germany by the Reich- 
sanstalt. It had been frequently discussed, and was brought 
into prominence by Sir Douglas Galton in his address to the 
British Association at Ipswich in 1895, and again at the Liver¬ 
pool meeting in 1806. Prof. Lodge had at the same time thrown 
himself very heartily into the proposals, with \ he result that a 
Committee was appointed by Lord Salisbury, then Prime 
Minister, to consider and report on the matter. Lord Rayleigh 
was chairman, and the Committee reported in 1898 in favour 
of establishing the Laboratory “ as a public institution for 
standardising and verifying instruments, for testing material's, 
and for the verification of physical constants.” 

The National Physical Laboratory was the result. Lord 
Rayleigh became chairman of the Committee, and under his 
care the Laboratory has grown in less than twenty years from 
an establishment with a staff of fifteen or twenty, and an income 
of perhaps £S,ooo, to one with a staff of nearly 600 and an 
expenditure in 1917-18 of about ;£ioo,ooo. 

With all this growth he has been closely connected, and his 
wise guidance has shown the way to surmount many diffi¬ 
culties. 

Some ten years later he became prominently connected 
with another most important work. In a paper read befor(> the 
Literary and Philosophical Society of Manchester he had dis¬ 
cussed very completely the fundamental principles involved in 
flight, pointing out in particular the need for experimental 
work and the condicions under which model research could 
prove successful; thus when in 1908, at the instigation of Lord 
Haldane, then Secretary of State for War, the Prime Minister 
(Mr. Asquith) appointed the Advisory Committee for Aero¬ 
nautics “ for the superintendence of the investigations at the 
National Physical Laboratory, and for general advice on the 
Sdentific problems arising in connection with the work of the 
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Admiralty and War Office in Aerial Construction and Naviga¬ 
tion,” Lord Rayleigh naturally became its first President, an 
office he continued to hold until a few weeks of his death. 

His work as President has been of the utmost value to 
Aeronautics ; perhaps his greatest service has been his insist¬ 
ence on the principle of similarity in defining the condition 
under which model results obtamed in an air-channel are 
applicable to full scale work, and thus enabling results to be 
obtained which have given to British Aircraft the superiority 
they now enjoy. 

His death at this moment, when the question of future 
Research and Education in Aeronautics is still unsettled, is no 
small disaster. 

This list of investigations could, if space permitted, be almost 
indefinitely extended, some naturally more important than 
others, but all marked by the same characteristics —a clear 
grasp of principles, a fearless courage in attacking difficulties, 
and a firm determination to reach the truth. 

For some fifty years he worked. For many years past he 
has been recognised and revered as the leader of English Ph3rsical 
Science. The public knew him but little ; we who were proud to 
be his pupils and his helpers realbe only too sadly the greatness 
of our loss. 

Professor Barkla (J. JTiool, BA., B.Sc., Northern Polytedudo Lutitate) 

Professor Barkla, the recipient, of the Nobel Physics Prize 
for 1917, is one of the most brilliant of the many distinguished 
physicists who have come* from the Cavendish Laboratory. 
While there he investigated the influence of the nature of 
wires on the speed of electric waves propagated along them, 
but since then the whole of his work has been concerned with 
X-rays, mainly with the various kinds of secondary rays 
which they excite. So much did he dominate the subject, that 
^ip till the application of diffraction methods to the problem 
by Laue, Bragg, and Moseley, the history of X-ray discovery 
was practically a history of the discoveries of himself and his 
pupils. 

Leaving the Cavendish Laboratory in 1902, he returned to 
his old University, Liverpool, as Oliver Lodge Student, and 
remained there as demonstrator and lecturer until 1909, when 
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he became Wheatstone Professor of Physics at King’s College, 
London. This he resigned in 1913 to take up his present 
position as Professor of Natural Philosophy at Edinburgh. 
During the whole of the time, wherever he has been, there has 
issued a steady stream of X-ray research from him, working 
alone or in conjunction with his students. Some account of 
his work can best be given by a short description of the pro¬ 
perties of the various kinds of secondary radiation excited by 
X-rays. 

This is of three types—scattered, characteristic or fluorescent, 
and corpuscular. The scattered radiation is the main pro¬ 
duct formed when X-rays fall on substances of low atomic 
weight (up to sulphur). In quality it resembles very closely 
the primary radiation, and its quantity is proportional to the 
mass of the radiator and independent of its nature. On the 
ether pulse theory of X-rays it is due to radiation from the 
accelerated electrons set in motion by the passage of the 
primary pulse over them. Accepting this view, Barkla calcu¬ 
lated the number of radiating sources (electrons) per atom in 
the radiator (1904). Owing to the inaccuracy of the values 
of the charge and mass of an electron then accepted, the num¬ 
bers obtained were too high; but using modem values for e 
and e/m, the original X-ray measurements show that the 
number of electrons per atom is about half the atomic weight, 
except in the case of hydrogen, where it is equal to the atomic 
weight (1911). 

By investigating the amount of the scattering in various 
directions in the plane perpendicular to the primary ray, 
Barkla was able to show (1904) that the X-rays from a cathode 
tube were partially polarised, and later (1906) that the scat¬ 
tered ra3rs from carbon were much more nearly completely 
polarised. This was of great importance in confirming the 
ether pulse theory of X-rays and showing their similarity to 
light. The question of the nature of the rays was, however, 
by no means settled, for many of the relations between the 
energy of the original cathode ray, the X-ray produced by it, 
and the corpuscular ray to which it in turn gives rise, are most 
easily explained by assuming that the X-rays are corpuscular 
in nature. Bragg suggested (1907) a special form of particle 
theory which was able to explain the polarisation of the ra5rs, 
but Barlda proved that, if care is taken to work with purely 
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scattered rays, their distribution in the plane containing the 
primary ray is (except in directions nearly coinciding with 
that of the primary ray) exactly that required by the pulse 
theory and not in accord with the particle theory. Later, 
diffraction experiments by other observers have placed beyond 
all doubt the identity of X-rays and light, but the difficulty of 
the eneigy relations still remains, and exists also in the case 
of light, where a satisfactory harmonising of the undulatory 
and quantum theories is one of the outstanding problems of 
physics. 

The fluorescent X-rays are one of the most important of 
Professor Barkla’s discoveries. They form the main bulk of 
the secondary X-rays from substances with atomic weights 
from 50 to 100, and differ from the scattered rays in being 
unpolarised and equally distributed in all directions even 
when the primary ray is polarised. They have a definite 
absorption coefficient depending on the nature of the secon¬ 
dary radiator, and not at all on the hardness of the primary 
beam. Thus successive similar aluminium sheets absorb the 
same proportion of the rays falling on them, while in the case 
of the scattered rays successive sheets absorb less and less as 
the softer constituents of the rays are filtered out. The 
fluorescent rays are analogous to monochromatic light, the 
copper rays being distinguished by a definite absorption co¬ 
efficient in aluminium, just as sodium light has a definite 
refractive index in glass ; but the phenomena in X-rays are 
much simpler than in light, for the hardness of the rays steadily 
increases as the atomic weight of the substance producing them 
rises. At first it was thought that the hardness was a periodic 
function of the atomic weight, increasing from chromium to tin, 
then decreasing, to increase again from tungsten to bismuth ; 
but Barkla soon realised (1909) that in the case of the latter 
elements the rays belong to a different softer series (the L series), 
so that it would be possible for one metal to give off two dif¬ 
ferent sets of fluorescent vays, just as hydrogen gives off three 
different monochromatic radiations in the visible spectrum- 
That this was actually the case was esperimentally verified 
(1910), the hard K and soft L rays being obtained from silver, 
antimony, and tin. Lately (1916) Barkla has proved the 
existence of a third, still harder J series of rays from aluminium, 
oxygen, and carbon. The term ** fluorescent " is applied to all 
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these rays, because they are only excited by rays harder (i.e., 
of shorter wave-length) than themselves. 

The third form of secondary rays, the corpuscular, differ 
from the preceding in that their hardness (in this case a mea¬ 
sure of speed, not of wave-length) depends solely on the primary 
rays, and not at all on the nature of the radiator. 

In the 1916 Bakerian Lecture, Professor Barkla, by con¬ 
sidering the energy of the various secondary radiations, arrived 
at a picture of the processes accompanying their formation. 
For each quantum of fluorescent radiation formed one cor¬ 
puscle of associated corpuscular radiation is ejected, carrying 
with it one quantum of energy of size corresponding to the 
frequency of the incident rays. Thus, when these are of just 
greater frequency than that of the fluorescent radiation, half 
the absorbed energy is emitted as corpuscular rays and half 
as fluorescent rays. As the hardness of the excituig rays in¬ 
creases, the value of the quantum for them and for the cor¬ 
puscular rays increases, while that for the fluorescent rays does 
not alter, so that a larger and larger proportion of the absorbed 
energy goes into the corpuscular rays. This agrees well with 
the experimental results. The atom is regarded as consisting 
of a nucleus with several rings of electrons revolving round it. 
The ejected corpuscle is supposed to have come from one of 
these rings, the central one if it is associated with the emission 
of J radiation, from one farther out if associated with K, L, 
etc., rays. The place thus left vacant is filled by another 
corpuscle falling in from outside, and it is the lost potential 
energy of this, emitted as one quantum, which forms the 
characteristic fluorescent radiation. 

This theory has been based mainly on observations, on one 
element, and needs furthet investigation; but Professor Barkla's 
views on the nature of X-rays have been so uniformly sub¬ 
stantiated by later experiments that we may expect that these 
also will be confirmed, and will in his hands lead to further 
important discoveries. 

Sdenoe ia the War 

Loni Moulton’s Rede Lecture for 1919 has recently been published in the form 
of a little book ‘ which will interest many readers, and should be useful for 

‘“Science and War,” by the Right Honourable Lord Moulton, K.CB., 
F,R.S. Cambridge: University Press. Price 2s, (td. 
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science classes in schools. He reviews briefly the discoveries and inventions 
which have had the most important results in the recent war—explosives, internal 
combustion engines, secondary batteries, wireless telegraphy, gyroscopes, sound¬ 
ranging, chemical warfare, and even medical and surgical advances. It is 
certainly not generally known that the Germans did not declare war until their 
great factories for obtaining nitrates (for explosives) from the air were actually 
at work, thus enabling them to dispense with imports of nitrates from Chili—nor 
that the Allies were obliged to continue this expensive and dangerous importation 
owing to their lack of similar foresight. The author says that as soon as the 
German 70-mile range guns came into play, the whole details of them were at 
once worked out by us, but that we were too magnanimous to use such weapons. 
But we have been told that the Parisians suffered not at all inconsiderably from 
the Big Berthas; and if we had had similar guns we might have done much to 
control this particular barbarity of the enemy by retaliation on their cities. There 
is an unfortunate passage on the second and third pages'of the book, in which it is 
suggested that the war “ owes its very possibility to science,” and that, “ but for 
the stupendous advances that science has made in times within the memory of 
many here present, no catastrophe at once so wide-spreading and so deep-reaching 
could have happened.” Many of the numerous enemies of science in this country 
have been trying to saddle it with the war by pretending that the German attack 
was due to their scientific attainments, just as their weapons were perfected by 
these attainments; but we doubt whether Lord Moulton desires to belong to 
this camp. Probably scarcely one of the German war-makers knew any more of 
science than our own politicians did—whose neglect of every common-sense 
precaution gave the war-makers their great opportunity. The world is not 
governed by men of science, but by various types of adventurers; and it was the 
latter among the Germans who used the former, just as a murderer may employ 
the pharmacopoeia when it suits him to do so. To blame science for the war is 
like blaming the pharmacopoeia for all the criminal poisonings which have 
occurred by help of it. If man misuses his servant science, that is not the fault 
of the latter. Nor do we even believe that the horrors of war have been aggra¬ 
vated by the employment of scientific weapons ; for the old hand-to-hand fighting 
must have been very terrible, and we read that almost the whole of a defeated 
army was sometimes destroyed within a few hours. After all, the total casualties 
in the recent war seem to have amounted to less than a third or a quarter of the 
strength, and to much less than the annual toll to disease. 

From the commencement of the struggle it was obvious that victory was likely 
to go to the more inventive side. The Germans had prepared everything in 
advance, and our men of scietice were obliged to improvise at a moment^s notice. 
The more honour to them in the result \ General Ludendorff is reported to have 
attributed his defeat to tanks and the blockade—that is, we hear, to the defeat 
of the submarine largely by our sound-ranging devices. Probably the men to 
whom victory was chiefly due were these very men of science and inventors— 
whose names are almost unknown to the public, who are given no part in our 
numerous triumphal processions, and who, in many cases, have not even been paid 
for their services I Similarly, when a fine feat in aviation is performed, everyone 
praises the gallant airman, but no one remembers the greater men who designed the 
machine. Apparently, in the state of semi-civilisation in which we are really living, 
the greater the work of an individual, the less does he receive in payment for it. 
No, the war was not due to science, but to the fact that science has not yet ad¬ 
vanced far enough to construct a rational mankind out of the present raw material. 
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The Recompense of Hedical Soientifio Workers 

We are very glad to hear that the Science Committee of the British Medical 
Association has elected a Sub-committee to confer with the British Science Guild 
and other bodies “ in the matter of the inadequate recognition and recompense 
by the Government and other bodies of medical workers in the field of science.” 
We are also glad that the Science Guild is nominating some of its members to 
confer with this Sub-committee of the British Medical Association. The 
members are as follows : For the British Medical Association, Sir Clifford Allbutt, 
K.C.B., F.R.S., Dr. R. T. Leiper, Prof. Benjamin Moore, F.R.S., Mr. E. B. 
Turner, F.R.C.S., Prof. J. S. Haldane, F.R.S,; and for the British Science 
Guild, Prof. Bayliss, F.R.S., and Dr. Sommerville (Chairman and Secretary of 
the Guild’s Health Committee), Sir Alfred Keogh, G.C.B., and Sir Ronald Ross. 

We have called attention to this matter in Science PROGRESS over and over 
again, without any definite result hitherto. There is unlimited talk just now about 
the encouragement of science, but the vital point is almost always omitted. This 
point is that, unless you make it worth their while for men of great abilities to 
investigate nature, they will in many cases not be able to do so even though they 
have the strongest inclination in that direction. We are now spending large 
sums of money for scientific work, but most of it goes in providing laboratory 
facilities and small salaries to junior men for pot-boiler work.” This is certainly 
essential, and we lodge no objection to such expenditure; but, in addition,, we 
must pay adequately for the best possible brains, There is only one way to do 
so—by paying for discoveries which have already been made. There is really no 
other way of detecting the best possible brain when it exists The proof of the 
pudding is in the eating, and, of the best brain, in the\ result obtained by it. 
We therefore think that the world should organise a system of pensions, not only 
for medical, but for all work which has been of great value to the public at large 
vdthout being remunerative to the wgrker. Such a thing is only common sense, 
common justice, and common morality. 

The case of the medical scientific worker is the strongest of all. Few people 
recognise that medical science brings in almost no payment even when it results 
in discoveries which are really revolutionising civilisation. The fact is that, of all 
great events in history, perhaps none exceed in importance the discoveries made 
during the last century regarding the nature of human diseases and their pre¬ 
vention and cure. Yet the people who have made these discoveries have generally 
lived, we might almost say, in extreme poverty. We believe that the salaries of 
pathological professors amount generally to only a few hundreds a year, and 
seldom, if ever, exceed one thousand pounds a year. Even these posts appear to 
be seldom given to men who have themselves made leading medical discoveries* 
Some people seem to think that such men are remunerated by medical practice ; 
but that is far from the case, and anyway it is a poor kind of remuneration which 
is given only by means of additional work. For example, Jenner, the great dis¬ 
coverer of vaccination, found that his reputation in this line actually ruined his 
medical practice; and it was partly for this reason that early last century the 
British Parliament (which was then a rational and virile body) gave him £^0^000 
as a reward. The reason for this is that everyone considers a famous discoverer 
to be only a laddist or a charlatan! Of course many other pursuits which are 
invaluable to civilisation are in precisely the same boat—other branches of 
science, music, literature, and sometimes even painting, travel, etc. Our proposal 
is that every nation should keep a pension fimd for really great work in these 
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lines. We do not suppose that the British Empire would have to pay more than, 
say, ;£30 ,ooo annually for such pensions, as against many millions of pounds which 
it now gives as a subvention for loafing, incompetence, and unemployment. The 
reader who is interested in this theme might gee Science Progress, Nos. 29, 30, 
31, 32 (especially), 33, 34, and 38. Of course the war checked these efforts ; but 
they can now be resumed. 


Hov to Pay One's Debts 

Some time ago the Calcutta paper Capital suggested that the Viceroy and the 
Governor of Bengal should bring the claims of Sir Leonard Rogers, the eminent 
medical scientist in India, before the^Nobel Committee for a Nobel prize. Com¬ 
menting on the suggestion in the last April number, Science Progress pointed 
out (i) that Sir Leonard Rogers had already been recommended for the prize, but 
(2) that it would be well if those high officials were to try to think out the matter 
of giving him also a reward from India. Capital of June 13 now declares 
that “ anything more churlish and inconsequent than the comment of Science 
Progress it would be impossible to conceive.” Apparently our contemporary 
finds it difficult to understand English. What is there churlish and inconsequent in 
suggesting that a scientist should be paid by the country which has been benefited 
by him? We have every hope that Sir^Leonard will receive a Nobel prize ; and, 
in fact, the Editor of this Quarterly recommended him for one years ago, long 
before Capital ever seems to have thought of such a thing. But that is no reason 
why India should not reward him in addition*—as it ought to do. Science 
Progress argued that such rewards should be a part of the national policy for the 
support of science in every country. It is only proper that every nation should 
pay professional men who perform public professional services for their nation, 
just as a private patient pays a professional fee for private services. The minds of 
many people appear to be impenetrable to such a simple notion, and we gather 
from the remarks of Capital that the Indian Government and people are extremely 
disturbed at the mere suggestion that they should provide a little extra money for 
Sir Leonard Rogers, though they are quite willing to ask Sweden to do so. But 
tve are grateful for small services, and, anyway, wish to commend Capital for 
suggesting that a medical scientist should be paid at all, a thing which scarcely 
any other newspaper in the whole British Empire has ever yet dared to do. 

Sweden can scarcely be expected to continue to reward (that is, in many cases, 
to feed) the world’s benefactors for ever, single-handed. During the last eighteen 
years she has probably distributed over half a million pounds in her four annual 
prizes. Other nations should give their share. For a century the rich, generous, 
and enlightened British Empire has not given one penny in the same way. But, 
probably, we know more about the infamous story than Capital does. 


Sir David Brace 

We regret to learn that Major-General Sir David Bruce, K.C.B., F.R.S., has 
been superannuated under military rules. While a limit of age is obviously 
necessary for the army, we maintain that distinguished men of science ought never 
to be retired in civil work so long as their Acuities remain unimpaired, because, in 
science, knowledge and judgment grow indefinitely with years; and we therefore 
hope that some means will be found to enable him to continue his medical 
20 
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researches without pecuniary loss to himself. The State has recently been giving 
large sums for medical investigation, and we think that a fraction of them should 
be devoted to this purpose. Either by himself or as leader of several scientific 
commissions, he has found the causes and modes of transmission of no less than 
three important diseases—namely, Mediterranean Fever, Sleeping Sickness, and 
the Tsetse-Fly Disease of cattle—thus having conferred an enormous boon on the 
world, without any adequate pecuniary gain to himself. Genuine scientific 
capacity is very rare; not every young man who looks through a microscope 
possesses it—as some recent, lamentable, and costly failures help to prove ; and 
Sir David Bruce’s great ability should not be lost to the world. 

Our “Recent Advances” 

The Literary Supplement of the Times complains that some of our “ Recent 
Advances ” are little more than “ meagrely annotated lists of papers.’* We are very 
glad to receive suggestions, but may point out that this matter is one simply 
of available space. Some subjects, which have few papers during the quarter, can 
be more freely annotated than other subjects such as mathematics, for example, of 
which the list of works is always enormous. The section of Recent Advances is 
designed to help the man of science and the amateur who wish to keep in touch 
with branches of science other than their own special branch, but who do not 
subscribe to bibliographies or the literature of the former. Nearly half our space 
(including reviews) is employed to meet this want; but if each good paper is to 
be fully annotated, the whole number would be required for the purpose. 

We may take the opportunity to state that articles are put into small print, not 
because they are supposed to be of lighter or slighter quality, but because their 
subjects are not purely scientific. We have also to consider exigencies of space; 
and small type is more suitable for mathematical articles. 


The School SciexLoe Review (B. 0. W.) 

This quarterly journal, edited by Mr. Adlam, of the City of London School, 
and published by Mr. John Murray at 2^. net, forms the latest enterprise of tl%at 
very energetic body, the Science Masters’ Association. It should satisfy the long- 
felt need for a periodical in which science masters can discuss the problems which 
abound and multiply so jfreely in science teaching. The appearance of the 
Review is more especially opportune because^ very largely as a result of the 
eiforts of the Association, science is becoming a compulsory part of the school 
curriculum. The methdds and syllabus of teaching at present generally used are" 
not such as will fill the masses of the younger generation with enthusiam or even 
respect for science, and to achieve this result is surely the most important task 
facing the teacher to-day. His responsibilities are very heavy. He has not only 
to convince the examining authorities that a change in their syllabuses is necessary, 
he has also to devise for himself methods of teaching on the lines of Science for 
AU^ which, while retaining the full savour of the romance of science, must yet 
contain something of the rigidity and logic of scientific method. This change will 
not be an easy one for the average teacher; the severe specialisation of the 
honours course does not lead to the acquirement of the knowledge that is needed, 
and the routine of everyday work leaves all too little time for reading and thought. 
Thus it would seem to the writer that it is in the discussion of the problems of 
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teaching both old and new that the School Science Review will find, for a time at 
least, its most useful function. 

The first number contains some most excellent articles; but only one is on the 
lines we have indicated above—namely, that entitled “ Notes on Apparatus and 
Experiments,” and edited by Mr. Beesley, of St. Olave’s School. This gives 
descriptions of convenient forms of laboratory apparatus contributed by teachers 
at various schools. It is to become a permanent feature of the Review^ and when 
illustrated by diagrams, should be of very considerable value to its readers. The 
article entitled “ Recent Advances in Chemistry,” by J. Hart Smith, seems to the 
reviewer less commendable. Only one portion of it, which describes a laboratory 
method for preparing chloroform, is strictly germane to the purpose of the Review, 
The greater part of the article deals with the structure of the atom, and the in¬ 
formation given by the author must surely have been already familiar to most of 
his readers. An excellent paper by Mr. Durrant, of Marlborough College, on 
“ Ions in Solution,” is not only well written in itself, but describes some suggestive 
experiments for the school laboratory, and hmts for the teaching of this fascinating 
subject. 

Three further articles remain for consideration. First, a very readable account 
of the formation and work of the S.M.A., an account which quite properly opens 
the first number of the Review, Next an article by Sir William Tilden, which 
presents in delightful style the ideals of the new outlook on school science; and 
finally, a scheme for the initiation of research in schools, by Mr. Hough, of Oundle. 
Here we enter on very debatable ground. Sir William Tilden writes : 

** There seems to be no reason why young people should not be initiated in the 
methods of research, though, by reason of their inexperience and want of technical 
skill, the results of such work may have little or no value beyond the influence it 
may have on their own processes of thought . . . they might well be taught to 
inquire into the validity of many popular notions—the idea that sunlight puts 
out fire,” etc. 

Mr. Hough goes a good deal further when he pleads for “ genuine research 
into the unknown,” Even if we grant that it would ** provide the stimulus required 
by capable boys with alert brains,” it must be remembered that such* boys would 
almost certainly be taking up science as a career, and they would be much better 
employed at their University or during the waiting period in the performance of 
more advanced experimental work designed to make them familiar with laboratory 
manipulation. The writer has rarely met with a boy fresh from school who could 
make a T-piece with glass tubing, while soldering is an almost, if not equally, 
unknown art. The science master can give instruction in such work. He cannot 
reasonably be expected to direct genuine research; his main interests should lie in 
a different direction, and the problems confronting him in his proper sphere are of 
sufficient complexity to engage all his time and thought if he be really enthusiastic. 

In conclusion, we must repeat our keen appreciation of the work the S.M.A. is 
carrying on, and our hope that this their latest venture may meet the full success 
it deserves. 

An. Esiperiment in Preparatory School Education 

In all the recent controversy about education little has been heard of the 
preparatory schools. It would be well, perhaps, if attention were focussed on 
these for a while. 1$ the instruction ^ven in these places adapted to the nature 
of their small inhabitants? Often, unfortunately, it is not. Too much time is 
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given to the imparting of knowledge of a formal kind : too great a strain is put on 
the memory, too little attention is paid to the development of reasoning power, 
and to the discovery of latent talent through the awakening of interest. 

For many years a fight has been waged against the preponderance of formal 
training in the public schools. The teaching of mathematics and of science is far 
more humane than it used to be. Even modern history and the classical studies 
have now some claim to be grouped among the humanities ! It is easy to point 
to examples of these changes ; to the Perse School, where the attention of boys 
is directed towards a classical language itself before being brought to bear on its 
grammar—-the material before the analysis of it; to the Royal Naval College at 
Osborne, where from the start the cadets are taught to speak the language they 
learn, and where the study of history begins with biography, and not with a 
cram-book of dates; to Oundle School, where the history of science is read back¬ 
wards, and the boys know something of the steam-engine before they bother their 
heads about the properties of steam, and where mathematics is taught, not as an 
abstract science, but as a handmaid of the various activities of life. 

Little of this sort has entered, as yet, into the preparatory schools. There 
are more reasons than one for this, but the chief is that the most famous public 
schools, in their entrance scholarship examinations, give preponderating weight 
to a formal knowledge of the classical languages. The preparatory schools are 
tempted by the kudos which follows success in these examinations to organise to 
attain it, and the natural avenues of development of the many pupils are closed in 
order that the few may reach their objective along the other hard path. A new 
preparatory school, “ St, Piran’s,’’ in which the instruction will be along the lines 
indicated above, has now been started near Maidenhead. Major V. Seymour 
Bryant, who has left Wellington College to undertake this work, is well known, 
among those interested in the progress of natural science, as a recent chairman of 
the Science Masters’ Association, and as the present secretary of the Neglect of 
Science Committee. We wish him success, and feel sure that science will profit 
from his determination to base his training of the small boys under his charge on 
their natural inquisitiveness about the phenomena which surround them in their 
daily lives. 


STotes and News 

The “ Birthday ” Honours list contained only one name which need be mentioned 
here. Professor Boyd Dawkins, the well-known geologist, of Manchester, received 
a Knighthood. 

Mme. Curie has received the Great Cross of the Civilian Order of Alfonso 
XIII, from the King of Spain, and has been elected Professor of Radiology at 
Warsaw. 

Prof. Soddy has been elected a foreign member of the Swedish Academy of 
Science in succession to the late Sir William Crookes, and Sir Norman Lockyer 
has been made an Associate of the Academic Royale des Sciences, des Lettres et 
des Beaux-Arts de Belgique. 

Sir Oliver Lodge’s pioneer work on wireless telegraphy has at last been 
specifically recognised! The Royal Society of Arts has awarded him its Albert 
Medal for that reason. 

Prof. Eddington has been granted die Pontecoulant Prize for Astronomy by 
the Paris Academy of Sciences, 
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Sir James Dewar has been awarded a Franklin Medal by the Franklin Insti¬ 
tute of Philadelphia. 

Vilhjalmur Stefansson has been awarded the La Roquette Gold Medal of the 
Geographical Society of Paris, in recognition of the discoveries made by the 
Canadian Arctic Expedition under his command during the years 1913-18. 

The Baly Medal of the Royal College of Physicians has been awarded this 
year to Dr. Leonard Hill, 

The Henry Draper Gold Medal of the National Academy of Sciences, U.S.A., 
has this year been given to Charles Fabry, Professor of Physics at the University 
of Marseilles, and the Agassiz Medal to Prince Albert of Monaco. 

Prof. W. H. Davis has received the Patron’s Medal of the Royal Geographical 
Society for his contributions to the development of Physical Geography. 

Old students and colleagues of Dr. E. S. Goodrich, F.R.S., will note with 
pleasure that he has been elected Corresponding Member of the “ Socidtd de 
Biologic ” of Paris, and an Associate of the “ Academic Royale des Sciences de 
Belgique.” Dr. Goodrich is probably the best known British morphologist, his 
work dealing with a wide range of subjects. He is one of the few English zoologists 
who have been elected members of these societies. 

The Lord President of the Council of the National Physical Laboratory has 
appointed Prof. Joseph Ernest Petavel, D.Sc., F.R.S., M.I.Mech.E., etc., as 
Director in succession to Sir Richard Glazebrook, C.B., F.R.S., who retires on 
reaching the age limit on September 18 next. 

Prof. Petavel is Professor of Engineering and Director of the Whitworth 
Laboratory in the University of Manchester. He is a member of the Advisory 
Committee for Aeronautics of the Air Ministry. He was educated at University 
College, London, and undertook scientific research at the Royal Institution and 
at the Davy Faraday Laboratory until 1898. He was elected John Harling 
Fellow of the Owens College, Manchester, in 1900, and was Scientific Manager of 
the Low Temperature Exhibit of the British Royal Commission for the St. Louis 
Exhibition, 1904. 

Among those whose decease has been announced during the last quarter, we 
note the following: J, Barrell, Professor of Structural Geology at Yale University; 
Prof. Adrian J. Brown, the well-known specialist in Biological Chemistry; Sir 
John T. Brunner; Walter G. Davis, Director of the Argentine Meteorological 
Service; Dr. W. G. Farlow, Professor of Cryptogamic Botany at Harvard; Prof. 
Emil Fischer, For, Mem, R.S., the eminent chemist; A. P. N. Franchimont, 
Emeritus Professor of Organic Chemistry in the University of Leyden; Dr, Ernst 
Haeckel, biologist and anglophobe; Father Waller Sidgreaves, S.J., Director of 
Stonyhurst College Observatory; Lord Rayleigh (on June 30, 76 years of age); 
Prof. C. B. Richards, of Yale University, the inventor of the Richards Steam- 
Engine Indicator; Prof. Gustav Retzius, the Swedish Anatomist. 

A Committee has been appointed by the Government to advise the Treasury 
on grants for University Education in the United Kingdom. It consists of Sir 
W. McCormick (Chairman), Prof. Bateson, Mr. Dugald Clerk, Sir J. J. Dobbie, 
Sir F. G. Kenyon, Sir Stanley Leathes, Sir W. Osier, Sir J. J. Thomson, and Miss 
S. M. Fry. It is stated that grants are to be increased, and that a method of 
distribution is to be adopted ** which would give the individuality of each 
institution free play, and would safeguard the legitimate interests of University 
autonomy.” 

The Zoology Department of King’s College, London, has received the splendid 
gift of £hooo from Mrs. Row, in memory of her son, Harold Row, who recently 
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died. The income of this donation is to be devoted to the foundation of a “ Harold 
Row Scholarship” in zoology. 

By some six votes, the proposal that Greek should be made an optional subject 
at Oxford was defeated last June. The narrow margin of defeat may be taken by 
the proposers as encouraging evidence that next time they will not fail. The result 
of this vote makes one realise that it is high time the method of government of 
Oxford University was reorganised. It seems preposterous that a majority of 
pass degree teachers and parsons should thus be able to hinder the advancement 
of the University, by out-voting the better informed minority of\ Oxford professors 
and science men. 

On July II, Sir William Osier, Regius Professor of Medicine at Oxford, was 
presented with a book containing a collection of essays written by pupils and 
colleagues in England and in America. The presentation was made by Sir 
Clifford Allbutt, of Cambridge. The volumes are just about to be issued to 
subscribers, and the English publishers are Messrs. H. K. Lewis & Co., of Gower 
Place, W.C. 

According to reports published in the daily Press, American Prohibition Agents, 
headed by a gentleman called Mr. “Pussj^oot” Johnson, are now in England 
preparing a campaign aimed at making this country “dry.” Apart from the 
fact that we regard missionary interference in this matter as unnecessary, we 
must say that, during such trying times as the present, any further tendency to 
unrest must be discouraged. Elsewhere in this journal we have reviewed a book 
by an American, in which it is stated that one out of every six men in America is 
defective i* some way, while out of 20,000,000 children, 14,000,000 are handicapped 
by some kind of physical defect. We are also aware that American cities are not 
without vice; we conclude that Mr. Johnson might be better employed in America. 
Such a great authority as Sir William Osier has stated that the present is not the 
time to launch an anti-drink campaign in this country, however necessary later on. 

We understand that Prof. E. B. Wilson, of Columbia University, is at present 
working on a new book on Cytology. 

Prof. Graham Kerr’s part in the Textbook of Embryology has just come out. 
It is certainly a fine work, and we must congratulate Prof. Kerr and ourselves on 
the advent of such an excellent book in the English language. 

Two members of Manchester University Zoological Staff have left Manchester 
to take up work at the Rothamstead Experimental Station, Harpenden. They 
are Dr. A. D. Imms and Dr. Ward Cutler, We notice a very interesting paper 
by the latter on Ditrichomonas, in the latest number of the ^artcrly Journal oj 
Microscopical Science, Dr, Ward Cutler has used the very latest technique, with 
fruitful results. 

The British Scientific Products Exhibition was held at the Central Hall, West* 
minster, during the period July 3—August 5, the King and Queen honouring it by 
their presence on July 22. At the time of writing no details were available as to 
the measure of success attained; when we visited it the attendance was by no 
means large. It is probable that visitors not possessing considerable scientific 
knowledge would find it distinctly unintelligible. The demonstrators in charge 
of the exhibits, with few exceptions, did not seem over-anxious to explain their 
apparatus, and in many instances no one appeared to be available for this purpose. 
Science will not be popularised by inviting the public to pay to inspect a museum 
of mysteries, even though they do constitute the latest and most amazing 
achievements of mankind. Space does not permit of a detailed.account of the 
various eadiibits. That of the Air Ministry was* in the absence of the necessary 
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explanations, by far the most interesting, while Messrs. Hadfield’s and Barr & 
Stroud’s deserve special mention for the attractive arrangement of their stands. 

It has been decided to establish a Wild Life Forest Experimental Station at 
the New York State College of Forestry (Syracuse University) as a memorial to 
Theodore Roosevelt. Plans for such a station were drawn up in December 1916, 
with the co-operation of Roosevelt himself, and it is felt that no more suitable and 
characteristic memorial could possibly be obtained. The work to be carried out 
includes investigations, experiments, and research in relation to the habits, life 
histories, and methods of propagation of all kinds of forest wild life, including lake 
and river fish. The station will be supported partly by grants from the New York 
Legislature, and partly by private subscription. 

The existence of hereditary tendencies or predispositions to cancer in man has 
been for years a much debated question. Murray, Loeb, and Lathrop have proved 
that hereditary factors play an extremely important part in determining the 
incidence of cancer in mice, and Dr. Little, of the Cancer Commission of Harvard, 
considers that, even with the present imperfect method of preparing data, it seems 
strongly indicated that there are hereditary tendencies to cancer in man. 

Science (May 2, 1919) contains an interesting article on the use of poisonous 
gases in warfare. It appears that the first-recorded attempt to use such methods 
dates from the siege of Plataea and Belium by the Spartans in the Athenian- 
Spartan Wars (B.C. 431-404). Wood, saturated with pitch and sulphur, was burnt 
under the walls of these cities for the purpose of choking the defenders. From 
the Middle Ages come tales of poison gases projected from squirts or bottles, and 
the famous plan of Lord Dundonald for the reduction of Sebastopol, as revealed 
in the Panmure Papers, consisted in the use of the vapour from burning sulphur. 
Dundonald estimated that 500 tons of sulphur, together with some 4,000 tons of 
coke and coal for its combustion, would have been sufficient to reduce the fortress. 

A remarkable discovery has been made by two British bacteriologists—Dr. 
Cramer and Dr. Bullock. They find that bacteria of gas gangrene and of tetanus, 
when completely freed from their toxins, either by washing or heating, do not 
produce the specific disease when injected into a mouse or a guinea-pig. But if a 
small dose of a soluble ionisable calcium salt is injected together with such treated 
bacteria or their spores, the specific disease is elicited in a very virulent form. 
The chlorides of sodium, potassium, ammonium, strontium, and magnesium, when 
injected with the gas gangrene “bug,” are not capable of producing the disease. 
At present these facts ascertained by Bullock and Cramer stand alone, and it 
remains to be seen how far any development of this work will touch on medical 
bacteriology. 

In late numbers of Nature will be found some correspondence between Prof. 
MacBride and Prof, Bateson with regard to the testimony of Dr. Kammerer, of 
the Vienna Versuchsanstalt, on the Inheritance of Acquired Characters in the 
Frog Alytes. From what Prof. Bateson says, it appears that Dr. Kammerer is a 
most untrustworthy person; dishonesty in Science is worse than any other sort ot 
dishonesty. We are glad to see, however, that Prof MacBride is trying to have 
Kammerer’s experiments repeated by observers in this country, and the question 
may be considered to be unsettled at present. 

We note the appearance in the Journal ofAnaiomy of a paper by Prof. Arthur 
Thomson on the Early Development and Maturation of the Human Ovum. This 
subject is one of great interest to both medical and lay biologists, and it is with 
pleasure that we congratulate Prof. Thomson on succeeding, after many years* 
ecarch, in finding some of the missing stages in human embryology. It is a pity, 
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however, that Prof. Thomson’s microphotographs have come out so badly in the 
paper, and we have no hesitation in saying that the value of his interesting study 
is much curtailed by unsatisfactory text figures. We hope that Prof. Arthur 
Thomson will republish his work with hand-drawn illustrations. 

The recent eruption of the Kalut volcano in Java cost 40,000 native lives, and 
caused millions of dollars worth of damage by inundations of hot mud and by falling 
ashes. The eruption was, nevertheless, on a much smaller scale than that of 
Krakatoa in 1883, the smaller death-roll in that catastrophe (estimated at 35,000 
lives) being due to the isolation of the volcano. The area and population of Java 
are almost identical with those of England ; the distribution of the inhabitants is, 
however, much more uniform than in this country. Hence it follows that an 
eruption of any one of the many volcanoes in the island involves a disastrous loss 
of life. 

The details of our method of sound-ranging, which has been in active use since 
the early months of 1915, have not yet been released for publication (so far as the 
writer is aware); but Prof. Trowbridge, who had control of the U.S. Signals 
Service, has made known something of the American system {Science^ May 30)$ 
and the Scientific American (May 17) has given photographs of the apparatus 
employed, though without any adequate description. A sound-ranging section 
consisted of about 70 men commanded by a lieutenant. These had charge of a 
central instrument which recorded photographically the time of arrival of the 
sound of the enemy guns at a series of instruments at surveyed positions near the 
front line, and covering a length of about five miles. The central instrument 
delivered automatically developed and fixed photographic records in less than one 
minute after the sound of the enemy gun reached the front line, and this record 
could be interpreted by the use of quick graphical methods, so that the position 
of the gun could be telephoned to the friendly artillery in about one minute more. 
A survey after the advances of the American army in September and November 
last “showed that the estimates of accuracy made by the sound-rangers in 
reporting a location had been very conservative; a location reported not accurate 
to within fifty yards was often accurate to within twenty-five yards. In general, 
the average of half a dozen locations of the same gun taken on different days under 
different weather conditions was of a very high order of accuracy; often a matter 
of but five or ten yards.” The method used by the U.S. army was apparently the 
same as that used by ourselves. The original device must be credited to the 
French; the sound-receivers placed near the front line were invented by an 
English physicist. 

Quite lately a new book of practical exercises on mammalian physiology has 
appeared from the pen of Prof. C. S. Sherrington, This is the greatest con¬ 
tribution to the teaching of physiology published within recent times, and it is 
especially arranged in order to give the medical student of the better type an 
insight into the physiology of the mammal from the point of view of experimental 
medicine. We have no doubt that this book will cause a complete remodelling 
of the teaching of mammalian physiology in this country and elsewhere. The 
illustrations are surprisingly good, and are not over-burdened by explanations. 

Prof. Arthur Dendy has almost finished his work on certain aspects of 
wheat and grain preservation. This work has been very successfully carried 
out by Dr, Dendy, but we shall be glad to see his return to pure zoology. The 
results of the work have been in the discovery of several important facts with 
regard to the modus vivendi of the destructive wheat weevil. These discoveries 
lead to a modification of the modem methods of storing and packing 
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wheat, barley, and other grains. Prof. Dendy believes in the institution of 
national food stores, as a preparation for the difficult situations brought about 
by war and famine. 

An interesting periodical is the Annals of the Durban Museu7n, edited by 
Dr. E. C. Chubb. The latest number contains several papers of interest, ranging 
from one on the skeleton of the Dodo to the subject of African elephants. In 
connexion with these we note, with regret, that it has become necessary to destroy 
the herd in the Addo Bush Forest Reserve near Port Elizabeth. They number 
about 200, and represent the last survivals of a species which once ranged over 
all South Africa. The elephants sally out of their reserve in quest of food and 
water. They break down the fences on the farms which now surround the reserve, 
stampede cattle, and destroy the crops. Moreover, they assume that the irrigation 
canals recently constructed for the farmers ffiave been designed for their especial 
benefit, and, by bathing therein, break down the banks and ruin the dams. To 
enclose them completely would require a substantial fence 13 miles long, and, as 
the cost of this would not be less than 20,000, the Provincial Council of the 
Province of the Cape of Good Hope has decreed the destruction of the herd. It 
is nevertheless to be hoped that a few of the elephants will still be preserved 
in a smaller enclosure. 

The report of the Inter-Departmental Committee on Power-Alcohol, published 
on June 30, shows that the consumption of petrol in this country has increased 
from 1,200 million gallons in 1914 to 2,680 million in 1918, and that it is likely 
considerably to exceed 3,000 million gallons this year. The necessity for obtaining 
some artificial substitute, such as alcohol, is thus becoming of essential importance. 
The yield of alcohol from potatoes is only 20 gallons of 95% alcohol per ton, so that, 
even with potatoes at their pre-war price, power-alcohol could hardly be produced 
from them on a commercial basis. Similar objections apply to its manufeicture 
from artichokes, sugar-beet, and mangolds. The most promising process for the 
production of large quantities of alcohol in this country is by the extraction of 
ethylene from coal and coke gas ovens. Investigations of the method have not 
yet proceeded far enough for definite figures as to quantity and price to be given. 
In our overseas dominions there are two sources which promise exceedingly well. 
The sun-dried flowers of the mahua-tree (JBassia latifolia\ which grows in the 
Central Provinces of India and in Hyderabad, yield no less than 90 gallons of 95% 
alcohol per ton, and can be delivered to a factory in their own zone at 30^. per ton. 
Further, maize and other cereals have admitted possibilities as raw material for the 
production of power-alcohol. A satisfactory denaturant also has still to be found. 
The cost of the method used at present may be as great as sixpence per gallon, 
and the Committee is of opinion that every effort should be made to provide a 
denaturant which will be effective in the smallest possible quantities at lowest 
possible cost. It is further recommended that power-alcohol should share with 
home-produced benzol and shale motor-spirit the privilege of exemption from the 
motor-spirit tax, and that it should even be imported from the Colonies free of 
duty. 

On March 28 last, Prof. C. H, Lees presided over a meeting of the Physical 
Society held for the discussion of the applications of methods of exact measure¬ 
ments to industrial work. Sir R. T. Glazebrook, Mr. Wm. Taylor (of Messrs. 
Taylor, Taylor, and Hobson, of Leicester), Dr. P. E. Shaw, Prof. W. Ripper, 
Sir Henry Fowler, Mr. F. M. Ryan, Mr. B. P. Dudding, and others, took part in 
or contributed papers to the Discussion, which has been published as a separate 
report by the Society. We owe the application of metrology to industry in this 
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country to Sir Joseph Whitworth, who demonstrated very clearly the advantages of 
the use of gauges for accurate mechanical work. By means of a micrometer or 
some other form of gauge, a workman could fashion his work to the desired degree 
of accuracy. The next step was the introduction of limit gauges. The workman 
is given two gauges of fixed dimensions—one a little bigger than is required for 
the finished work, and the other a little smaller, and all he has to do is to turn his 
work until the larger gauge will go over it, making sure that he has not ground it 
so far that the smaller gauge will go over. The difference between the sizes of the 
two gauges is known as the tolerance. It should be as great as the nature of the 
work will permit, and varies from a ten-thousandth of an inch in watchmaking to 
the sloppy fit ” of, a perambulator wheel. As a matter of fact, limit gauges are 
at present only made for the finer classes of work, and it is extremely desirable 
that their use should be extended to cases in which quite coarse tolerances are 
pemiissible. Limit-gauging applies specially to, and is, indeed, essential for, the 
production of strictly interchangeable parts. Previous to the war the gauges used 
in this country were in a very bad state; they were inaccurate in themselves and 
differed enormously from one another. Indeed, when the demand arose in 1915 
for interchangeable parts to be made in different shops for the production of 
munitions, it was found that the best make of English gauges had errors many 
times larger than the tolerances called for, and that the average gauge made in 
the tool-rooms of English firms had errors twenty to thirty times these tolerances. 
Although experience led to the tolerance being trebled, a great deal of impiove- 
ment was obviously needed to get quantities of gauges of the required accuracy. 
This work was carried out by the National Physical Laboratory, which designed 
many ingenious testing-machines capable of accurate and speedy use in the 
workshops—notably a projection apparatus for examining screw-threads. The 
importance of work of this character may be judged from the fact that, just 
before the armistice, io,ooo inspection gauges were being produced per week, and 
of an accuracy at least equal to those manufactured in other parts of Europe. 

In spite of their war experience, it seems that many manufacturers are now 
going back to their old methods, while others (^.^., the Engineers Small Tools 
Manufacturers’ Association of Sheffield) were never converted. It seems clear, 
therefore, that it is only by educating the younger school of engineers that out-of- 
date, uneconomical methods of production can be finally abolished. This work 
has already been taken in hand by Dr. Shaw at Nottingham, and by Prof. Ripper 
and Mr. Bolton at Sheffield, It is to be hoped that their efforts to found depart¬ 
ments of Metrology may meet with continued success, and not dwindle to nothing 
through the indifference of the manufacturers who are so acutely concerned. 
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PUBIS SCIBBCB IB BBXiATIOB TO THE BATIOBAE EIFE. 

Being a Lecture delivered on February 15 by Arthur Schuster, D.Sc., 
F.R.S., in a Course on Science and the Nation, airanged for Science 
Teachers by the London County Council Education Committee. 

In discriminating Pure Science from Applied Science, we draw a distinction 
between two branches of learning without defining how they are related. They 
might be separate avenues leading independently to different goals, or they might 
be connected like the branches of a tree to its stem. If we put our trust in the 
plain meaning of words, the terms used seem to support the second interpretation, 
as we perceive if we replace the word “science” by its primitive equivalent 
“knowledge.” Before knowledge can be applied, it must exist; and knowledge by 
itself alone is not worth having unless it can be applied. If this reasoning were 
correct and contained the whole truth, I might here conclude my discourse, for I 
should have nothing to add to what previous speakers have told you in this series 
of lectures. We are all agreed that science lies at the foundation of all great 
industrial developments ; and these have already been sufficiently pressed on your 
attention. But something more should be said by those who believe that science 
has a function beyond that which culminates in the workshop or factory, and who 
maintain that ^ure science renders an important service, related to an independent 
part of what is commonly called “ national life.” ^ 

A nation, like an individual, must first of all look after its existence. It must 
be fed, and is therefore obliged to foster its commercial and industrial activity. 
But the material comfort which may thus be obtained is worthless unless the 
opportunities it offers be worthily used. To this end the national life must supply 
something more than the means for the continuation of its existence, and provide 
for mental as well as bodily health. As I have expressed it on another occasion ^; 
“ the duty to work, the right to live, and the leisure to think, are the three prime 
necessities of our existence, and when one of them fails we only live an incomplete 
life.” 

It is a truism to say that no knowledge is worth having which cannot be applied; 
if it cannot be used, it must be useless. But knowledge can fructify in various 
ways ; it may be applied to increase the wealth of the nation, it may add to the 
pleasure of life, or it may serve to strengthen our sense of moral responsibility. 
Instead of taking Pure Science to be merely the foundation of its industrial appli¬ 
cations, I look upon it rather as ministering to the mental health of the nation, 
iust as Applied Science ministers to its material prosperity. In this it fulfils the 
same functions as literary or artistic pursuits. But it has besides a special value: 
it teaches us something of the nature that surrounds us ; it helps us to understand 
the conditions of life, and to base our judgment on reasoning rather than instinct 
Looking to the end rather than to the means, we must draw the separating line 

^ Presidential Address, British Association, 1915. 
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between Pure and Applied Science, not by the subjects it treats, nor by the degree 
to which a particular research may lead to industrial applications, but rather by 
the mental attitude of the worker. Applied Science ” is a vague term ; it includes . 
the unselhsh and unremunerative researches of a Pasteur as well as the activity 
of an inventor intent merely to exploit a patent, and between the two extremes 
we have all the higher forms of “ industrial science,” which, while ultimately 
benefiting the community as a whole, are primarily intended to increase the 
wealth of individuals. To improve one’s personal and thereby the national 
prosperity is as worthy an object as the ambition to gain standing and reputation 
by intellectual pursuits. I am not at present concerned with such considerations, 
nor with the exact definition of “ Applied ” Science. For the purpose of this lecture 
it is sufficient to define the prosecution of Pure Science as the search for knowledge 
for its own sake. 

The utilitarian and idealistic motives are, however, frequently coexistent, and 
a sharp distinction can seldom be drawn. A laboratory attached to a chemical 
works may be full of men charged with the duty to conduct researches. These 
may often lead to results of theoretical rather than practical value ; yet such work 
—to my mind—^falls within the category of industrial science, if its scientific 
significance has been an incidental consequence rather than a primary motive. 
On the other hand, men engaged in practical pursuits, having entered their pro¬ 
fession as men of business merely, are often carried away—sometimes temporarily, 
sometimes permanently—by the fascination of research, and produce work which, 
whatever its ultimate industrial value may be, partakes of the spirit and virtue of 
pure science. The life of Joule is instructive in this respect. He began with 
the purely utilitarian object of making an electro-magnetic machine that would 
work economically. “ I hardly doubt,” he writes as a boy of nineteen, “ that 
electro-magnetism will ultimately be substituted for steam to propel machinery.” 
He was then led on to consider what we should now call the “ equivalence ” of 
different forms of energy, and, adopting the mechanical theory of heat, started on 
his classical series of experiments. As the work proceeded, he fell more and more 
under the spell of the intellectual pleasure of research for its own sake. Those 
who knew him in his later years will agree that his interests were concentrated on 
the advance of pure knowledge. “ If I were a young man,” he once said near the 
close of his life, “ I should tackle atomic weights.” There was no idea here of 
industrial applications. 

There is—in my opinion—good ground for pressing the claims of pure science 
at the present moment, because there is some danger that the immediate necessity 
of promoting industrial prosperity may drive pure science into the background. 
Some have tried to allay that fear by pointing out that the greater the industrial 
need, the greater must also be the demand for research, and that Pure Science 
stands to be the gainer rather than the loser by the increased attention given to 
its industrial side. The reassurance rests, I think, on a wrong interpretation of 
what is implied in the meaning of “ Pure Science,” which loses the essential part 
of its specific virtue by being pursued with a special view to its applications. That 
the danger is a real one might be illustrated by the history of the German 
Universities during the l^t twenty years. Science pursued merely for the sake of 
its commercial value, whether immediate or ultimate, loses its claim to be called 
** pure.” 

The student who devotes himself to die pursuit of knowledge for its own sake 
is sometimes regarded as an academic freak ministering selfishly to his own 
intellectual appetite. We have all heard the story of the distinguished mathe- 
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matician, who boasted that none of his work would ever find a practical applica¬ 
tion. That this anecdote is quoted so frequently—being connected with different 
individuals, without substantial evidence for its genuineness—proves that it 
characterises only an exceptional case. Individual propensities, such as shyness 
or fear of public criticism, will affect the influence which a person is capable of 
exerting, but there can only be few men who would not take a pride in finding that 
the efforts of their brain have proved of value to their country. The incidents in 
the life of Archimedes which are most frequently mentioned leave us with the 
impression that he was mainly an intellectual glutton, happy only in working out 
his mathematical problems, and this, no doubt, was the natural tendency of his 
mind. His dying remark is quoted in confirmation: “ Noli tangere circulos 
meos”—“Do not touch my ciicles,” he exclaimed when on the point of being 
transfixed by a Roman sword. We are told that he set no value on his mechanical 
inventions, considering them beneath the dignity of science. Yet, during the 
siege of Syracuse, he placed his knowledge freely at the service of his fellow- 
citizens, and his engines of war delayed the capture of Syracuse for three years. 
Can such a man be said to have stood aloof from public interests ? It is unbeliev¬ 
able that he did not find satisfaction in the working of that beautiful spiral tube 
used for raising water. Archimedes was a man of science, the purest of science, 
but he was also a man of action, and could be carried away by his imagination, 
and by the possibilities of his discoveries, as when he 'exclaimed, “ Give me firm 
ground to stand upon, and I will move the earth ! ” 

British science can furnish many examples of great men who served their 
country not solely in virtue of their scientific achievements. Newton took a lead¬ 
ing part in defending the Universities against the interference of the Crown, and| 
as Master of the Mint, improved the coinage of the country. John Wallis, one of 
the foremost mathematicians of his time, was frequently mixed up in political 
affairs, and his facility in deciphering secret codes was made use of by the Puritan 
party, and brought him into great trouble. Christopher Wren, the great architect, 
was also distinguished as a pure mathematician, and had, independently of 
Newton, suggested a universal attraction of matter as the cause of gravitation and 
the motion of the planets. John Robison accompanied General Wolfe on his 
expedition to Quebec, and took part in the war. For a time he held a post in a 
Military Academy at Petrograd, but ultimately settled down as Professor of 
Natural Philosophy at Edinburgh, Even Henry Cavendish, whose chief object 
in life is said to have been to avoid the attention of his fellow-men, and whose 
ambitions were confined to the four walls of his laboratory, did not refuse his help, 
when it was required, to investigate the efficiency of different forms of lightning- 
conductors. But this is a minor issue, brought forward only to remove the mis¬ 
conception that those who devote themselves to academic studies keep aloof from 
the general interests of their country. Intimate contact with nature should render 
us, on the contrary, more accessible to human sympathies. 

How did the study of science originate ? It is easy to make a guess. The 
revolution of the stars in the heavens round an apparently fixed pole assisted the 
traveller at night to keep his direction, and helped to form an idea of time ; the 
name “ geometry ” indicates that it arose out of the measurement and parcelling 
out of land; heavy weights had to be lifted, and hence the discovery of the lever; 
crops required rain, and the labourer on the land looked anxiously to the clouds 
for a sign of its arrival. Astronomy, mathematics, mechanics, and meteorology 
may have begun in this way. This is a plausible but, I believe, insufficient 
explanation. Men were no doubt forced to observe and invent, but that £done 
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does not constitute science. You want the connecting-links and generalisations 
which were supplied by the old philosophers, who discussed the elemental notions 
which brought the facts into relationship with each other. 

The desire to understand nature is as old as the wish to tuin its manifestations 
to practical use. Pure Science and Applied Science have grown up separately, 
if not independently, and occasionally they came into conflict on account of the 
fundamental diiference of their outlook. We must agree with Plato that it was 
not the men who observed the rising and setting of the stars who should be classed 
as astronomers, but those who investigated the spheres of the heavens and the 
great harmony of the universe. This, according to him, is the only matter 
worthy of a humanity imbued with the spirit of the gods. The Greek philosophers 
observed nature, though, unfortunately, they confined themselves to those facts 
which came under their daily notice. They observed, but did not attempt to 
experiment; not, at any rate, in a systematic manner. The sense of harmony 
was for ever so strongly present in their minds that they were led astray by the 
untrained instinct of their inner consciousness. Nevertheless, if pure science be 
defined by its guiding motive, its founders were the Greek philosophers, and not 
the nomad tribes who used the polar star to show them the way at night. The 
period of Greek science includes the teaching of Thales, Pythagoras, and Anax¬ 
agoras, the originator of the atomic theory. Democritus (460-370 B.c.) was the 
first to teach the corpuscular theory of light; but the preponderating influence of 
Greek philosophy on the science of the Middle Ages centres in the teaching 
of Aristotle, who more than anyone else took a comprehensive view of the whole 
range of human thought. 

Science, according to Huxley, is organised common sense; it would be more 
correct to say that science is ^e organiser of common sense. To Aristotle it 
seemed common sense that a body unacted on by a force must be at rest. 
If it be set in motion and continue to move, he found himself called upon 
to explain the continuance of its motion as well as its initiation. Our better- 
trained minds distinguish between a motion in a straight line with unchanging 
velocity, and one in which either the direction or the velocity alters. The former 
is identical with the state of rest, which can only be relative to other bodies. The 
interval of nineteen hundred years between Aristotle and Galileo marks the 
progress in the common-sense view of what is implied by absence of force. Never* 
theless, the guiding motive of Pure Science was always the same. Much has been 
written about the evil influence which the later followers of Aristotle had on the 
progress of science ; but we must not blame the master because during a particu¬ 
larly barren period the pupils stuck to his eiTors and disregarded the spirit that 
pervaded his teaching. His position in the history of science rests on the clear 
view he had of the problems that had to'be solved. What he cared for was Pure 
Science as he understood it, and as we ought to understand it. If anyone doubt 
that he had an influence on the life of the nation, let him be referred to the testi¬ 
mony of Alexander the Great. “ I honour Aristotle,” he said, ** as I honour my 
fiither, because while one has given me life, the other has made it worth living,” 

Aristotle was followed by Euclid (330-275 B.C.), Archimedes (287-212 B.C.), and 
after a considerable interval Ptolemaeus (a.d, 70-147). While Rome was busy 
enforcing its will on the world by military conquests, the centre of culture shifted 
to Alexandria. But for a time it still remained Greek culture. By the murder of 
Hjqpatia in the year 414 the Greek period finally closed, and for a thousand years 
science had to take refuge under the protection of the Arabs. The search for 
truth can only flourish in an atmosphere which tolerates differences of opinion; 
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and the Christianity *of this period claimed that its sacred writings contained all 
knowledge permitted to man. Thus, St. Augustine asserts that there can be no 
inhabitants on the opposite side of the earth, because no such race is recorded 
in Scripture. In secular matters the Arabs were more tolerant, and claimed 
adhesion only to the essential tenets of their religion. They were saved by the 
innate leaning of Oriental races towards metaphysical speculation, and by the 
great attention which the climate forced them to pay to sanitary regulations. It 
was, in the first instance, the medical profession which, as in other periods of 
history, saved science, but it was primarily a utilitarian science that was fostered, 
and that soon degenerated. Astronomy became Astrology because men sought 
divine approbation for their worldly ambitions; chemistry flourished under the 
influence of the desire to convert base metal into gold; and the laws of physics 
were turned to impress the public mind by the magical powers of the learned. 
Occasionally, no doubt, a man arose with nobler desires. Such was Mohammed 
Ben Musa, and above all the astronomer Alhazen (987-1038). It was through 
the Spanish Moors that science returned to Europe ; but it was alchemy, astrology 
and magic that mainly found entrance; and the explosive mixture employed by 
the Arabs in the display of fireworks was rediscovered, perfected as gunpowder, 
and used for the destruction of human lives. Whatever there remained of pure 
science was confined to the teaching of Aristotle. 

A temporary and sporadic revival of learning showed itself in Europe during 
the thirteenth century, and ^ was coincident with the renascence of art in Italy 
under Giotto; but it was short-lived, Roger Bacon’s voice remained unheard, 
though occasionally higher motives prevailed, as when the monk Vitello, one of 
Bacon’s contemporaries, struck by the beauty of the rainbow, investigated the 
refraction of light. The period, taken as a whole, is singularly depressing. 

It is a relief to turn to the dawn of better days, and once more to note the 
simultaneous revival of science and art. No better example could be given than 
that of Leonardo da Vinci (1452-1519), known to the world as a great painter, 
but also a great man of science. Pure and Applied Science can both claim 
him as an apostle. Mechanics, according to Leonardo, is the paradise of 
mathematics, because it brings it to fruition. He was an observer and an 
experimenter. He recognised that the optical arrangement in the eye was that 
of the camera obscura; he investigated the laws of bodies sliding down an inclined 
plane, but the gem of his experiments, to my mind, is contained in a manuscript 
notebook preserved in the library of the Louvre. In it we find the drawing of a 
long rope stretched out, and the same rope coiled together into spherical shape, 
with one end protruding a little so that it could be pulled along. A written state¬ 
ment first asserts that the coiled-up rope is easier to move than the one stretched 
out, because the surface of contact is smaller. But directly underneath this it is 
contradicted, no doubt as the result of an experiment, and it is explained tliat the 
pressure is increased in the same proportion as the contact is diminished. This 
implies, though it is not implicitly stated, that the retarding force is the same in 
both cases. An important principle in the laws of friction was thus foreshadowed, 
if not actually enunciated. 

We look to Pure Science for those discoveries or new departures of thought 
which change the whole mental outlook of the community. Science then becomes 
international without losing its national influence. Galileo and Darwin supply us 
with two instances where the search for pure knowledge has led to far-reaching 
intellectual revolutions. During the interval between the two mental upheavals, 
great advance in general education had taken place; the two countries in which 
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they respectively originated differ considerably in national characteristics; the 
personal temperaments of the two discoverers are widely asunder j and yet they 
possess many features in common. 

A new scientific theory never disposes at once of all difficulties, and serious 
objections can generally be raised. Addressed, as it generally would be, to 
scientific men, and expressed in technical language, it invites criticism in detail, 
and it may be years before some crucial experiment or conclusive argument is 
found. When confined to the discussion of specialists, its progress is necessarily 
slow. But great generalisations always contain an element that appeals to a wider 
public, only that public must be reached. Where there is a conflict, the scale may 
be turned by the literary power of an exponent, or some striking new fact that 
stirs the imagination, Galileo was able to supply both. 

Three stages may be recognised in the progress of our ideas on the constitution 
of the universe. In the first, the earth is considered to be the centre round 
which everything revolves; in the second, the sun becomes the centre of the 
planetary system and of the universe; in the third, the sun itself is only one 
member of a vast stellar system. The passage from the second to the third stage 
was easy. The great struggle came in establishing the second. Yet the idea 
that the earth revolves round itself and round the sun is an old one. It is said to 
have been held by Pythagoras, and it was certainly taught by a number of Greek 
and Indian philosophers, but Aristotle pronounced against it. We may here 
recognise a fundamental difference in the manner of judging the merits of a theory. 
We may consider it to be merely an embodiment of a collection of facts, or we 
may require something more of it. It used to be said that the theory ought to 
explain the facts; and though no one would now express it in this form, we never¬ 
theless expect a theory to possess some guiding idea which binds the facts 
together. Otherwise a catalogue of detached statements would do equally well 
To the majority of the Greek philosophers this connecting-link was the important 
matter, and Aristotle believed that he had disposed of the heliocentric doctrine by 
pointing to the behaviour of heavy bodies on the surface of the earth. They all 
tend towards its centre, and the earth itself must, therefore, tend towards its own 
centre. The idea that there may be a similar and more general tendency of 
all bodies towards each other did not occur to him. 

Copernicus {1473-1573) detached himself entirely from any claim to furnish an 
explanation. Though this has been looked upon as a merit, it also proved lo be 
his weakness, for he abandoned all possibility of influencing public opinion. He 
showed that, considered merely as a kinematic problem, it was simpler to place 
the sun in the centre of the planetary system. But he insisted so much on the 
purely formal side of his fundamental hypothesis that one is led to believe him 
to have been influenced more by the fear of stirring up religious opposition than 
by philosophical insight. The heliocentric doctrine thus remained for more than 
half a century longer a purely academic subject of discussion. 

Galileo and his contemporary Gilbert were the first scientific investigators in 
our present meaning of the term, combining philosophical insight with a craving 
for the extension of knowledge by direct experiment. The history of the mental 
development of such pioneers is of entrancing interest. Galileo’s father was 
distinguished as a musician, whose writings show him to have been well acquainted 
with Greek and Roman literature. The son was sent to a classical school, but it 
was intended that he should earn his livelihood in commerce. The future mapped 
out for him could not satisfy his ambitions, and when he showed extraordinary 
ability in mastering the ancient languages, logic, and dialectics, it was decided to 
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train him up for the medical profession. It is recorded that after leaving school 
he accidentally went to listen to a lecture on mathematics, and was so much 
attracted that he devoted his leisure time to a private study of the subject. 
Watching the swinging of a lamp suspended by a long rope in the dome of Pisa, 
he compared the time of its oscillation with the beat of his pulse. He was then a 
medical student, and possibly he only intended to find a scientific method of 
measuring changes in the rate of beating of the pulse. Be this as it may, he 
discovered that the time of swing was the same whether the lamp swung through 
a large or small arc, and had sufficient insight to recognise that this was a funda¬ 
mental discovery. He was then nineteen years old, and this event turned his 
mind to the study of dynamics. At the age of twenty-five he obtained a Professor¬ 
ship of Mathematics at a salary of ;£i2 a year. He came into contact with the 
scholastic philosophers, because he proved by experiment that, contrary to the 
orthodox views, heavy and light bodies acquired the same velocity in falling. 

Galileo was a fighter by temperament, and fearless—^up to a certain point. He 
made enemies in quantity, but he also had the power of gaining staunch friends, 
who remained true to him through life. I cannot here enter into the astonishingly 
successful progress of his dynamical work, but pass on at once to the turning- 
point which led to the crisis in his life, and marks the beginning of modern 
science. 

The faith in the old Aristotelian doctrine, which Roger Bacon did not succeed 
in weakening by powerful reasoning, was profoundly shaken by a few nights’ 
visual observation, and henceforth survived only in a few strongholds of reactionary 
prejudice. 

Galileo, applying^ his newly-constructed telescope to Jupiter, had discovered 
four moons revolving round that body. The appeal was to imagination rather 
than to logic: the earth has a moon; Jupiter is a planet and has moons ; therefore 
the earth is a planet. The argument put in this way does not satisfy the strict 
rules of correct reasoning; but it touches the chord of human sympathy. If it be 
accepted, the planetary system is transformed into a harmonious whole. 

Galileo’s discoveries were numerous and brilliant, and he placed dynamics on 
a solid foundation; but he rendered a greater service to mankind when he taught 
the worker that science was not the monopoly of the philosopher, the monk, or the 
impostor, but belonged to the man of intellect in every rank of life. Herein lies 
his claim to be called the founder of our present science. Latin was then the 
international language; Galileo preferred to write in Italian. It was not that 
he was unacquainted with classical literature, but he deliberately chose the 
language of his own people because he preferred to address them rather than 
the learned of other nations. His powers of exposition were as great as his 
powers of reasoning, and there is little doubt that the great influence he had on 
his generation was largely due to the vigorous manner in which he used his native 
tongue. 

I have mentioned Darwin’s work as a second example of an investigation in 
pure science that has led to a great and lasting effect on the intellectual progress 
of the world. Those whose memory can carry them back to the time of its 
publication will not have forgotten the stir created by the appearance of the 
Origin of Sfeaes, As in Galileo’s case, its effect was enhanced by being placed 
before the public in a form which allowed its general drift to be appreciated 
by all educated men. The Copemican theory introduced harmony into the 
planetary system, and the idea of natural selection united in a similar manner 
the different branches of the organic world. Both with Galileo and Darwin the? 
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religious animosity that was raised helped to attract notice, and the ultimate effect 
on the national thought was enhanced. When the changes in the outlook, 
brought about by a discovery, are more subtle, they become more difficult to trace; 
but I believe that such doctrines as the atomic theory, the conservation of energy, 
and the electric theory of matter, have had an influence on the public mind reach¬ 
ing well beyond the limits of scientific specialists. 

This is true to a still greater extent of the investigations which have led to 
recent advances in medical science. The researches of Pasteur, Lister, and their 
followers, are triumphs of science applied directly to the benefit of mankind ; but 
I fancy that their hold on our imagination is mainly due to the new vista opened 
out on the nature of disease, the marvellous workings of the lower forms of life, 
and the almost human attributes of blood corpuscles, which have been disclosed. 

The effect on a community is only the summation of the effect on individuals, 
and if we judge by individuals there can be little doubt that, except under the stress 
of abnormal circumstances, pure knowledge has as great a hold upon the public 
mind as the story of its applications. 1 learned that early in life, when a series 
of public lectures was organised by the University of Manchester. The Professors 
were asked to submit titles of lectures they were willing to give, and these were 
submitted to Working Men’s Clubs in Lancashire, who selected those they desired 
to be delivered to them. Thinking that they would be more interested in matters 
which affected their daily life, I drew up a list accordingly; but for my own 
satisfaction 1 included one on an astronomical subject; and that was the only one 
ever chosen. Astronomy has a particular fascination, for the reason that it is, 
perhaps, furthest removed from our ordinary concerns. During the most critical 
i period of the American Civil War, Abraham Lincoln used to seek refuge from his 
worries and anxieties by spending his nights in the Observatory at Washington 
watching the heavens. On a previous occasion I have already told the story of 
the American politician who, during a Presidential Election in which he was 
keenly interested, visited a friend who possessed a telescope. After an hour 
spent in contemplation of the heavens, and having received answers to some of 
his questions, he was silent for awhile, and then left the room, saying: ** It does 
not matter after all whether Taft or Brian gets in.” 

Not long ago I overheard—in a London club—a conversation between three 
literary celebrities, who were discussing the relative merits of different studies. 
One of them blamed scientific men, on the ground that they could not distinguish 
between “ evidence ” and “ proof.” I confess I was startled, because I could not 
imagine anyone to whom the distinction is more constantly brought home in his 
daily work than the student of science. We speak of proving a statement when 
we can show by correct reasoning that certain conclusions follow from certain 
premises. It is a qualified proof, because the conclusions depend on the truth of 
the premises. We have, in fact, only shown that the conclusion is contained in 
the premises. It is the mathematician, and not the logician, who points out that 
the propositions of Euclid need not be true, because we can imagine a space in 
which the axioms on which they are based are not true. As regards the truth of 
scientific theories, we do not pretend ever to reach an absolute proof. We can 
accumulate evidence until it becomes so overpowering that all known alternatives 
are excluded; but I have never come across the scientific man who would not 
admit that new alternatives may arise at some future time. My reason for 
mentioning the incident is that I know how difficult it is for a sane man to make 
any statement whatsoever that does not contain a grain of truth, and this grain is 
often worth picking out, 1 filnd it in this case in a subsidiary effect possibly pro- 
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duced in the mind of a beginner by the manner in which the elements of science 
are taught and have necessarily to be taught. The teacher has to point out that 
the conclusions of science rest on experience, and not on authority; yet he will be 
unable to do more than give illustrations of the physical truths he teaches. He 
must explain theories before the evidence in their support can be fully understood 
by the pupil; he must formulate laws before he can discuss all that is implied in 
them. He must, in fact, frequently appeal to authority; but it is not the authority 
of the old scholastic tradition relying on the wisdom of one man strengthened by 
imitative echoes of a number of mediocrities. It is the authority of independent 
intellects who have spent a lifetime in testing their conclusions. For every man 
who tries to establish a law there will be a number of others eager to find flaws, 
and the verdict of the time is the combined result of a concourse of opposing 
tendencies. The difference is the same as that between the judgment of an 
autocratic ruler who knows no law but that of his own will, and the pronounce¬ 
ment of a judge who, having heard both sides, decides according to the evidence 
that has been put before him. 

Science, like all other branches of knowledge, has its dogmas, but they are 
admitted to be temporary only. Though they are based on experience, fresh 
evidence may qualify or alter our interpretation of that experience. Such altera¬ 
tions mark an advance, but do not shake the structure ; a scientific revolution is a 
constitutional progress, and not the violent upheaval of a fundamental faith. The 
atomic theory remains true in spite of the discovery that atoms may be split up, 
just as a house built of bricks will remsun a house built of bricks, though each 
brick itself is made up of molecules. All I have said on this subject is only a 
collection of truisms to the trained man of science. He knows that the interpre¬ 
tation of the facts is subject to change; but to the beginner theories must often 
appear to be immovable dogmas, and in the early stages the teacher cannot help 
being dogmatic. Nevertheless, there may be room for improvement. Students 
are often shown how to compress a volume of air, and to find the relation between 
the pressure and the compression. I am afraid they are then sometimes led to 
believe that they have proved Boyle’s law. They have done nothing of the kind ; 
for they have only performed one or two experiments, the results of which are not 
inconsistent with the law. The experiments dealt with only one gas, and the 
measurements did not possess any high degree of accuracy. A proof is, indeed, 
impossible, because the law is not strictly true. The same remarks apply to the 
experiments often found described in elementary books on laboratory work, in 
which Ohm’s law is said to be proved when it has only been illustrated. Teachers 
ought to be careful to put such experiments in their proper light, because a wrong 
impression in the early stages of scientific instruction may lead to that kind of 
arrogance which belongs to the intelligent youngster in any subject, but is, per¬ 
haps with some justification, laid more particularly to the charge of the half- 
fledged learner of science. I have had a sufficiently long experience as a teacher 
of elementary science to speak out firankly on the subject, because 1 know its 
great difficulties. It is well that these should be clearly understood. 

At the present time we are urging the importance of extending the scientific 
instruction which is being given in schools. Some base the claims of science on 
its utilitarian value; but if this were the main object, the teaching should be princi¬ 
pally addressed to those who will ultimately require a knowledge of science in 
their profession. If we adopt this view, the teaching would be simple enough. 
The future student of science is drawn to his subject by an instinctive feeling of 
predilection, properly classified by Karl Pearson as an aesthetic feeling; this 
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carries him easily over the initial difficulties ; he is not frightened by the drudgery 
which accompanies the early stages of every serious study. To a boy of con¬ 
siderable scientific talent, it probably makes little difference whether he be taught 
well or badly. But sound teaching is of paramount importance to the gfeat 
number whose only chance of a little science comes during their school life. 
There is no doubt in my mind that the teaching ought principally to be addressed 
to them. Those who believe that science can convey an inspiring message to 
everyone will agree that the infusion of a scientific spirit is of greater importance 
than the knowledge of scientific facts. 

But we must insist that all science depends on strict and clear reasoning. 
Leaving proof out of the question, the value of scientific evidence centres in the 
agreement between the conclusion drawn from certain premises and the observed 
facts. That agreement to be perfect has to be quantitative as well as qualitative, 
and measurement therefore lies at its root. To express it in different words, 
mechanics, as Leonardo da Vinci has pointed out, is the foundation of all science. 
Mechanics implies a certain amount of mathematics, with a moderate facility in 
the manipulation of numbers, and here we meet with the difficulty that the study 
of mathematics is unsympathetic to a considerable section of the community. 
Are we, then, to draw a jine even at an early stage of the teaching, separating 
those who have an aptitude for mathematics from those who have not ? It seems 
that we must either exclude a number of scholars from scientific teaching, or force 
a distasteful subject on them. I have suffered too much myself from the latter 
alternative to advocate it without qualification, but 1 should not assume that what 
may be only a superficial aversion has any deep-seated cause in the constitution 
of a boy*s brain. Maxwell, in his own trenchant manner, once said to me : “ All 
men are mathematicians, only some know it and some don^t." It is here that the 
skilful teacher has his chance, and may stir the imagination of the pupil to a point 
at which the aversion is overcome. A member of my own family furnishes an 
example which may serve to illustrate my meaning. As a boy he made no 
progress in his mathematical lessons; he disliked the subject so much that he 
went to the headmaster of the school, declared his inability to master its elements, 
and asked to be excused from further attendance, declaring himself willing to 
spend the time on any other subject that might be assigned to him. The head¬ 
master, being a reasonable man, talked to him sympathetically (he was probably 
no mathematician himself). ‘*Try another six months,” he said, ‘‘and if at the 
end of that time you come to me with the same request, 1 will agree to it.” 
Whether it was the feeling of freedom from compulsion, or whetlier he was put 
under another teacher who succeeded in appealing to his imagination in the right 
way, these six months altered his whole outlook. He stuck to his mathematics, 
went to the University, and ultimately became a mathematician of some repute. 
He had to lead the life of an invalid, and I remember him an old man lying 
on his couch, finding his chief consolation in mathematical work, which leading 
journals found sufficiently important to publish. 

Exdting the imagination is one of the most powerful methods of mastering 
difficulties by overcoming the distaste for the initial drudgery of work which only 
becomes interesting when these difficulties have been surmounted. It is specially 
important m illustrating numerical relationships, and allowing the mind to grasp 
the meaning of large figures. 

Astronomy will furnish a number of suitable examples. The distance from the 
*sm to the earth is about 92,000,000 miles, a number which perhaps in itself does 
not convey much, but if we use an illustration due to the late Professor Young 
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of Princetown, we may obtain a better idea of what it means. The sensation of 
pain travels along a nerve with a definite speed. If you put your finger on a hot 
surface, the pain will be felt some little time after the moment of contact. We do 
not realise this, as the interval is so small, the rate of propagation being roughly 
100 feet a second. By a calculation which can easily be verified, we find that 
if a child were born with an arm long enough to reach the sun, it would die of old 
age long before it could feel that its fingers had been burnt. The distance to the 
nearest star can be brought home by a slight variant of an illustration used by the 
late Sir Robert Ball. If we could travel to the sun or the nearest star for the same 
fare as we travel on a railway—i.e., one penny per mile—the journey to the sun 
would cost a little less than ;^400,ooo, but the journey to the nearest star would 
require a sum sufficient to pay for the cost of the late war two or three times over. 
(The exact amount would be ^72,000,000,000.) 

Lord Kelvin used to speak scornfully about persons who spoke of such magni¬ 
tudes as the distances of the stars as ** inconceivably large.” To him everything 
that could be expressed in figures was conceivable, and indeed one’s powers of 
conception are greatly a matter of practice, and of the choice of suitable units 
or the selection of intermediate standards. Some men may be able to form an 
image of a thousand men grouped together, but would fail if the number were 
extended to a million, while this might be easy to the commander of an army. 
Most of us, especially those who have travelled, can form some idea of the size of 
the earth. A sphere of 4,000 miles radius is certainly not inconceivably large ; 
using the earth as an intermediate standard, some assistance is given to a plausible 
representation of large figures. The number of molecules in a cubic inch of gas 
at the freezing-point and under atmospheric pressure is 46 followed by 19 zeros, 
and we may well at first sight look upon such a number as inconceivably large. 
But let us spread those molecules uniformly over the whole earth, and we shall 
find only 14 on each square inch. One further example may be given of a quantity 
which may be made to look either very small or very large according to the 
manner of expression. Assuming the average annual rainfall over the world to 
be 50 inches, a quantity which we can easily picture to ourselves, it would mean 
that in each second of time the average rainfall produces a layer of water over 
the earth of a thickness a little more than one 1,500,000th of an inch; an incon¬ 
ceivably small figure, some may say. But working out the total weight, we find 
that over 30,000,000 tons of water falls on the earth in each second of time. 
Calculate from this the weight of the annual rainfall over the world, and you get an 
enormous figure to represent the same fact which previously gave us what seemed 
an inconceivably small number. 

Well-chosen illustrations are frequently helpful in bringing scientific teaching 
into relationship with every-day life. Nature seldom presents to us problems in 
their simplest form, and one of the minor worries of a teacher anxious to spread 
the knowledge of science is that he is confironted with intelligent questions which 
he is unable to answer, because the questioner does not possess thet preliminary 
knowledge necessary to understand the answer. What is the cause of the blue 
colour of the sky? or the red of the sunset? Why does the high-water in tides 
occur every twelve hours instead of only once a day ? Why does the barometer 
fall at the approach of stormy weather? These are very intelligent questions, but 
what answer can we give without assuming a considerable previous knowledge of 
science ? 

To obtain a knowledge of the forces of nature in their simplest form we must 
have recourse to specially selected experiments, which generally seem to have 
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no relation to the experience of our daily lives. We teach a student elementary 
principles of measurement when he wants to know the working of a telephone, we 
explain to him all about specific and latent heat when he thinks that he knows 
already something of how a locomotive works, and does not see why he should 
have to go through all this drudgery, I do not wish to alter the present modes of 
instruction. Teaching has a disciplinary value apart from the facts that are 
taught. The concentration of thought on a definite problem; the training in 
accuracy and neatness in work ; the importance of mechanics as a foundation of 
science—all these are necessary if the value of science teaching is not to be 
impaired. But, simultaneously with this instruction and independently of it, I 
think some time might be spent in stirring the imagination, improving the obser¬ 
vational faculties, and bringing the different branches of science into proper 
relationship with each other. While physics and chemistry must always receive 
the first place in laying a firm foundation, observational sciences such as 
astronomy, geology, and biology will furnish large opportunities to supply the 
supplementary teaching with instructive examples. 

More intimately connected with the main object of my lecture is the moral 
lesson that can be drawn hrom all science teachmg. Nature works by fixed rules. 
Constant changes are occurring in the position and the illumination of the objects 
that surround you, or in the state of our inner consciousness. Each of these 
changes is both preceded and followed by other changes which are not inde¬ 
pendent, but connected with it, like the oscillation of the piston of an engine with 
the rotation of the wheel it drives. Every one of your acts and every one of your 
thoughts have traces which persist throughout time, and reach to the ends of the 
universe. You may accidentally—but it never is accidentally—drop a sheet of paper; 
you think nothing of it and lift it up again, and there, perhaps, to your mind, 
the matter ends. But while the paper fell, the whole earth moved towards it, and 
your casual act has affected every person that stands on it; your carelessness has 
increased the length of the day by an amount which you ought to be able to calcu¬ 
late. By replacing the paper in its previous position, you can never quite undo all 
that you have done; some effect of your action will persist for ever. Or while out 
on a walk on a clear day, you may be taken with a desire to smoke. You light 
a match, which the wind blows out immediately. During the second the match 
was burning it sent out waves of light. The waves will travel outwards, pass 
through the atmosphere, and reach the sun in minutes of time ; but to the right 
and the left of the sun they will pass onwards. In sixty years they will reach 
stars whose distances may still be measured by direct means. But other methods 
of estimating distance are now available, and we are able to point to small tele¬ 
scopic bodies, and say that twenty thousand years hence the explosive compound 
contained in your match will supply a minute fraction of its energy to their surface. 
The consequences of your action will endure for ever. If this be true of your 
most casual and irresponsible acts, it also holds for the thoughts and motives 
which guide you in the serious tasks of your life. The consequences may be 
more vital, but we cannot trace them so accurately in the intellectual domain as 
we can in the material universe. Theology and philosophy may attempt to do so, 
but scientific knowledge alone can enforce the lesson with unrelenting persistency 
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THS inTTaiTnrS TALITE of FEEDUrO-STOFFS (J. Alan 
Mniray, TTniversity College, Heading). 

It was formerly believed that the nutritive value of a feeding-stuff was determined 
entirely by its composition and digestibility. The sum of the percentages of 
digestible protein, carbohydrates and fat multiplied by 2-3 was called the ** total 
digestible nutrients,” and the ratio of the sum of the last two to the first is still 
called the “ nutritive ratio.” This view obtained until it was shown by Kellner 
that the digestible nutrients of hay and straw did not produce so much body fat as 
equal amounts of the same digestible nutrients in a pure state or in various cakes 
and meals. To account for this he advanced the hypothesis that more energy is 
expended on the mastication and digestion of coarse fodders, and he attributed 
this to the presence of the hard lignified fibre they contain. The fact that the 
productive value of wheat straw is increased appreciably when the straw is finely 
ground, and to a much greater extent when it is reduced to pulp, before being 
consumed, was regarded as confirmatory evidence. 

He therefore proposed to deduct from the total digestible nutrients a sum 
equal to about three-fifths (0*58) of the percentage of crude fibre. His experi¬ 
ments showed that this adjustment was satisfactory for hay and straw, but for 
grasses and green fodders the factor (0*58) had to be reduced by 0*05 for each 
2 per cent, of fibre below 16 per cent, as follows *: 

Crude fibre "per cent 16 14 12 10 8 6 4 

Factor . • . *58 *53 *48 *43 *38 "34 *29 

A certain correction was found to be necessary also in the case of cakes and 
meals, but it could not be made in this way. He therefore determined the rela¬ 
tive productive value of the nutrients in these foods, and expressed the results by 
means of a number called the “value” of the food. This may be concisely 
expressed by the formula— 

V = 

where f is the amount of body fat produced by the digested nutrients in any 
quantity of the feeding-stuff, F is the amount produced by equal weights of the 
same nutrients (digested) in a pure state, and v is the value number. 

The data obtained in the course of these investigations enabled him to revise 
the coefficients of equivalence for fat-production of the several nutrients, and he 
attempted to express the nutritive values of the various kinds of feeding-stuff in 
terms of an equivalent amount of starch. If we accept his view* that, without 
serious error, i part of fat maybe reckoned equal to 2’2 parts of starch in all cases, 
this is concisely expressed by the formula— 

S.E^ ( 2 * 2 F 4- C-f 0*94/^) X w/ioo 

where F, C, and F are the percentages of digestible fat, carbohydrates (including 
fibre) and protein respectively, v is the value number, and 5. ^ is the starch 
equivalent of 100 parts of the feeding-stuff. 

In the case of hays and straws; 

S,E ^ (2‘2F 4- CH- 0*94/^)—0*58/, 

where p is the percentage of total crude fibre. For green fodders the calculation 
is made in the same way, but the factor 0*58 is varied as described above, 

^ SdmHfiu Feeding oj Aninuds^ p. 356, 

* p. 3^7* 
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Kellner’s hypothesis that the difference in productive value of the digestible 
nutrients in various kinds of food is attributable to expenditure of energy in masti¬ 
cation and digestion of the lignified fibre is not easily reconciled with the necessity 
for this difference in the method of calculation or with ceitain other facts. On his 
own showing,^ the **value” of linseed meal, which contains 9 per cent, of crude 
fibre, is 96, whereas that of palmnut meal, which contains 25 per cent., is too, and 
that of beet molasses, which contains none, is only 87. He also showed that 
digested pure fat does not produce its own weight of body fat, but only from 50 
per cent, to 60 per cent, of that amount. In other words, from 40 per cent, to 
50 per cent, of the energy of the digested fat disappears, and is, presumably, 
expended on mastication and digestion of the substance. The same is true of 
starch and other ingredients. These phenomena are not due to the presence of 
fibre, and the hypothesis appears to be untenable. As a matter of fact, it is 
erroneous. The apparent loss of enei^y in the digestion of wheat straw is not 
diminished when the straw is pulped; the increased productive value arises 
merely from the larger amount digested.* 

The loss of energy observed by Kellner, however, is real—whatever the cause 
may be—and that the productive value of the nutrients is not the same in all feed- 
ing-stuffs is a fact. When this was realised, the starch equivalent system was 
readily accepted. There was no alternative; and it cannot be denied that it 
affords a more reliable indication of the nutritive (productive) value than does the 
” total digestible nutrients.” For the purpose of calculating rations, however, it is 
of little significance unless the maintenance requirements can be stated in the 
same terms. Kellner arrived at his conclusions in regard to this by the practical 
method of adjusting rations to the maintenance lequirements, and calculating the 
amount of starch equivalent to the same. The mean result* of several experi¬ 
ments was 4|lb. per day for oxen of 1000 lb. live weight, but he recommends 61b. 
as the standard to be used in practice. More recent investigations show that the 
latter is nearer the truth. 

The amount of pure starch required for maintenance of ruminants cannot be 
determined by direct experiment, because these animals cannot subsist normally 
on such concentrated food. Neither can it be inferred from the normal heat- 
emission, for that depends not only on the size and condition of the animals, but 
also, to a large extent, on the quantity and quality of the food consumed. The 
whole of the metabolisable (thermic) energy of the maintenance ration is ultimately 
given out as heat from the body, and the heat-emission of an animal consuming 
the quantities of food equivalent to 61b. of starch would, therefore, be as follows : 


Blind of Food. 

Staich Equiva¬ 
lent per lb. 

Amount of Food 
required. 

Thermic Ener- 
gry per lb. 

T otal 'i hcrmic Energy 
ot Food 



iS. 

kt. 

kt 

Cat 

Pure starch 

I'OO 

6’o 

376 

22'6 

10,260 

Maize meal 

•78 

77 

3‘oo 

23*1 

10,487 

Meadow hay . 

'31 

ig'4 

I‘82 

3S’3 

16,026 

Wheat straw • 

•II 

54’S 

I *27 

69*2 

3I1417 


—^Akilo pound unit {kt) of energy is the amount given out from 1000 lb 
of water when cooled i"C., kt x 454 « Cal. Also kt per lb. « CaL per gram « 
Therms per kilogram. 


^ Scientific Feeding of Animals^ tables pp. 360 et seq. 
* Armsby,/?^^ Agrie. Resources^ 1915, p. 485, 

» Scientific Feeding of Animals^ p. 244, 
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For equal amounts of starch equivalent, meadow hay gives out 50 per cent, 
more heat than pure starch, and wheat straw more than three times as much. In 
other words, 12J lb. of hay and 17J lb. of straw respectively would furnish as much 
heat to the animal as 6 lb, of starch. If the function of the food were merely to 
maintain the body temperature, these quantities would suffice for that purpose; 
but in that case the starch equivalent system would be destroyed, for, clearly, 6 lb. 
of starch, or any other definite quantity, could not be accepted as the standard for 
maintenance. It would be necessary to have a different standard for each kind of 
food. 

It is apparently for this reason that Wood ^ has attempted to draw a distinction 
between the starch equivalent for production and that for maintenance. Using 
the same notation as before, the difference between the two may be concisely 
indicated by the formulae— 

P.S,E. — (2*2F+ C + 0*94/*) X v/ioo 
M,S.E, ~ (2'3i^+ V 2 SP + o* 6 A) 

It will be seen that P.S.E, is Kellner’s unit, and that M,S,E* differs from it 
mainly in that the value number is not used, and no deduction is made on account 
of the fibre. It is, in effect, the discredited “ total digestible nutrients,” and not 
starch equivalent at all. The inference that i7|lb. of wheat straw is a sufficient 
maintenance ration for oxen of 1000 lb. live weight is in conflict with experi¬ 
mental evidence. 

The chief function of maintenance rations is not to produce heat, but to furnish 
the energy required for internal work. This energy differs from that expended on 
external work only in that it is transformed into heat within the animal’s body. 
It is, therefore, available to maintain the body temperature, and it is, normally, 
sufficient for that purpose. The amount of heat emitted by an animal when it 
consumes no food at all, called the basal katabolism, is, therefore, the true measure 
of its maintenance requirements. For ruminants this cannot be determined 
directly, but Armsby® has shown that it maybe inferred from the difference in heat- 
production due to large and small amounts of the same ration. Ingestion of 
solids increases heat-production. The energy so transformed is not available for 
internal or external work, or for production of milk or meat, and, normally, little 
if any of it is required to maintain the body temperature. It is, in fact, the non¬ 
productive energy observed by Kellner, and ascribed by him to expenditure on 
mastication and digestion of fibre. For most of the common feeding-stuffs it varies 
from about x*o to 1*2 kf (500 CaL) per lb. of dry matter ingested, and this amount 
must be deducted from the metabolisable (thermic) energy. It is only the 
balance, called by Armsby net available energy, that can be utilised for production 
or for maintenance. 

The metabolisable energy of feeding-stuffs may be calculated from the per¬ 
centages of digestible nutrients by means of the usual factors or, according to 
Armsby,® from the percentage of digestible organic matter; the factors {kt) to be 
used are—for hay and straw 3*5, for grains 3*9, and for oil-cakes 4*4 to 4'8. The 
net energy is then found by deducting the heat-production (^^per loolb.) due to 
ingestion of the food. 

In recent investigations * on the net energy of starch, Armsby has obtained 
results substantially different from those of Kellner, as follows: 

* Composition and Nutritive Value of Feeding-Stufs (Cambridge University 
Press). * Jour. Agric, Resources^ vol. xi. No. 10. 

® Bulletin X42, Pa. State Colony Agricultural Experimental Station. 

< Jmr, Agric. Resources^ vol, xv, No. 5,1918, 
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Total 
Encrcy 
por lb. 

MetaboHs- 
iWe l£n(rp;y 
per lb. 

Heat In¬ 
crement 
per lb. 


Otf^anic 

Matter 

difrosicd. 

Encrjyy pr*! lb, of 
Organic Matter 
digested. 

Armsby . 
Kellner . 

kt 

4 ‘ios 

4*152 

k(, 

3*328 

3*051 

KL 

1*692 

1*248 

ki. 

r8o3 

per cent, 

93 ’f> 

84-6 

MulaboU 

ki, 

3 ’ 5<>3 

3’(»3 

Net. 

kt, 

ns 

2*25 


Comparison of the data shows that the loss in faxes observed by Kellner was 
more than three times as much as in Armsby’s experiments, but the loss as 
methane was about 50 per cent, less, and the resultant difference in metabolisable 
energy was largely obliterated by the difference in heat-production. The differ¬ 
ence in net energy per lb. of starch digested cannot, however, be lightly dis¬ 
regarded. Allowing for the difference attributed to the protein, Kellner*s starch 
equivalents multiplied by 2*25 give products nearly equal to the net energy values 
{kt) of the foods; and for the practical purpose of calculating rations it makes 
but little difference which of the two systems is employed. 

From a theoretic standpoint, however, the system of net energy values has 
much to recommend it. It is simpler, independent of any meretricious hypotheses, 
and illuminates many points that are obscured by the starch equivalent system. 
It leads directly to a simple law of maintenance and a law of production which are 
applicable to all animals alike. These may require some modification, but, subject 
to a large probable error, they may be tentatively stated as follows; 

(1) The maintenance requirements (net energy) are equal to the basal katabo- 
lism of the animal which varies as the two-thirds power of the live weight in fat- 
free condition, and increases faster than the live weight as condition improves. 

(2) The requirements (net energy) in excess of maintenance, as defined above, 
are equal to the total energy of the milk or meat produced. 

The following equation, deduced by the author,' embodies the quantitative 
expression of the law of maintenance for ruminants : 

= 21!§? y f Af(ioo-/) ) 9__ioo 

' 903^ \ too 100 - V247F 

or log rj f* ^ + log(ioo - iO} - {log(ioo - 1*247^) 4 - 0*3407} 

M is the observed live weight (lb.), the percentage of body fat inferred from 
the condition, and 77 is the basal katabolism. 

For horses and pigs the constants are not necessarily the same as those for 
cattle and sheep, but the difference, if any, is probably small It docs not follow 
that the same kinds of food are suitable for all The diminishing returns for food 
consumed by fattening animals may be ascribed to three contributory causes—viz., 
(l) increased basal katabolism; (2) slower rate of production ; and (3) in the case 
of animals not fully grown, the larger amounts of potential energy in each succes¬ 
sive pound of increase. 

Contrary to what is commonly believed, the suitability of a food for any 
particular purpose is not determined either by the net energy or by the starch 
equivalent. Both of these units refer to the concentration, and afford little or no 
information regarding the quality. A complete picture of the properties of a food 
may be obtained if the energy values are plotted on co-ordinate axes. In fig. i the 
distance along ox « the total energy, and AB « the metabolisable energy. The 

' Jour, A£nc, iS«., vol ix, No. a, 
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Upper part of AB is the net available portion, and the lower is non-available. 
Then joining OA and 

y tan a and y —xtaxi p. 

Foods of similar character must give figures of similar shape, though not 
necessarily of like dimensions. Conversely, those which give similar figures may 
be regarded as alike in character, though they may differ in concentration. For 
comparison, several foods have been plotted on the same axes in fig. 2. For clear¬ 
ness the lines OA and, OB have not been drawn in each case, but the two directive 
lines corresponding to angles of 15" and 25® respectively in the upper part of the 
diagram, and one corresponding to an angle of 15® in the lower, should be sufficient 
for the purpose. 

The net energy of the oil-seeds was reckoned, like that of the other foods, by 
Armsby*s method; but as it is doubtful whether that method is applicable to 


4 



products which contain 40 or 50 per cent of fat, it was recalculated by means of 
the usual coefficients. This gives considerably higher results, and the difiference 
is indicated by the broken lines above the firm ones. 

It will be seen that for foods rich in oil the angle is less than 15®, while for 
Italian rye grass, meat meal, and pure starch, it is greater- The precise signifi¬ 
cance of the fact is not apparent. It is tan a, the ratio of net available to total 
energy, that determines the character of the food. As this cannot, unfortunately, 
be called the nutritive ratio, it may be referred to as the productive index. Swedes 
and potatoes give very similar triangles, in which tan a is practically equal to that 
of decorticated cotton cake, greater than that of pure starch or oil, but less than 
that of molasses, maize meal, earthnut cake, or linseed cake. Roots are not in¬ 
frequently described as coarse fodder, apparently for no other reason than because 
they are cheap, whereas, judged by the method here described, they are among 
the finest. Hay, if made without loss, should be very similar in character to the 
fresh material from which it is made. In the diagram, fresh red clover and very 
good red clover hay have the same productive index* Italian rye grass, timothy 
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grass, brewer’s grains and undecorticated cotton cake are very similar, but the 
productive index of average meadow hay and of oat straw is lower. 

Consideration of the starch equivalent per lb. of dry matter leads to much the 
same conclusions, as may be seen from the following examples: 


Maize meal 
Earthnut cake , 

Linseed cake 

Decorticated cotton cake . 

Potatoes . . . • 

Swedes .... 
Molasses .... 
Brewer’s grains . 

Red clover 

Meadow hay (very good) . 
Undecorticated cotton cake 
Italian rye grass 
Red clover hay . 

Timothy grass . 

Meadow hay (poor) . 

Oat straw . . . . 

Wheat straw 


Dry Matter. 

Starch Equivalent. 

per cent. 

per xoo lb. 

per lb. of dry 
matter. 

85*0 

78*0 

■919 

90*6 

757 

•83s 

88*8 

74’0 

•833 

90*2 

707 

•783 

23*8 

17-8 

•748 

11*5 

7*3 

'635 

78-1 

47*8 

-621 

32*4 

i 8‘4 

•564 

19*0 

I0‘2 

•537 

. 84*0 

40*4 

•481 

87-9 

40*0 

•455 

3 i ‘5 

13*7 

'435 

83*5 

357 

•427 

33*1 

i4’o 

'423 

857 

I8*6 

*217 

86-0 

17*0 

•196 

86*0 ‘ 

io'8 

•125 


These data serve to explain the well-known fact that roots may advantageously 
form a large part of rations for production, whereas straw may not, though the 
starch equivalent of the latter is double that of the former. Moreover, there is 
reason to believe that animals consume more total dry matter when the rations 
consist largely of roots. It is certain that the amount any given animal can con¬ 
sume is limited. In a recent experiment the specific capacity for food of a fat ox 
(14001b. live weight) was found to be 24*2 lb. of dry matter per 1000 lb. fat-free 
live weight, but there is nothing to show whether it varies with the size, age, con¬ 
dition, and the kind of animal. 

The basal katabolism of an ox of 1000 lb. live weight in store condition is 
about io‘S (4,900 and as the net energy of wheat straw is only 0*17 per 
lb., about 62 lb. of that substance would be required for maintenance; but if the 
animal can consume only 25 or 26 lb. of the fodder, it must ultimately die of star¬ 
vation. This result would acc^rue not, as has been said, because the animal 
expends more energy on the food than it gets out of it, but simply because it can¬ 
not eat enough to satisfy its requirements. Sawdust contains about 15 per cent, 
of digestible organic matter, equal to about 0*5 kt of metabolisable energy per lb. ; 
but, as ingestion of the material increases metabolism by nearly twice that amount, 
the nutritive effect is negative. In other words, sawdust does not retard, but 
accelerates, the process of starvation. 

It is estimated that, if the basal katabolism of an ox were 10*5^/ in store 
condition, it would be about when the animal became fat. As pasture grass 
contains about 22 per cent, of dry matter, joo lb. per day would be about the limit 
of the animal’s capacity for this fodder. If the net energy of the grass were 0*15 
per lb., the animal might eventually attain the fat condition; but if it were only 
or less, as in some of the poorer pastures, the animal could not improve 
beyond the half-fet condition, however large an area it was allowed to graze j the 
whole of the net energy of the largest amount of food the animal could consume 
would be required for maintenance at that stage, and there would be no surplus 
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for further production. The improvement in the quality of pastures effected by 
phosphatic manures is probably attributable to increased digestibility, and conse¬ 
quent higher productive index of the produce. 

In a recent paper ^ the author gave reasons for the conclusion that 60 per cent. 



was about the largest amount of body fat an ox could put on. It now appears 
that, if the productive index of the rations had been lower, the limit attainable 
would have been less. On the other hand, pigs, which can subsist normally on 
rations composed entirely of foods which have a very high productive index-—e.g., 
* Jour. Agric. Sci.^ vol. iV, No. 2, 
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peas, maize meal, barley meal, etc.—^may be able to attain to a higher degree of 
fatness than ruminants, which require a certain amount of hay and straw. A lower 
capacity for food would, of course, counteract this condition. 


B£TOXIOATX!B VACCINES (Bamd Thomson, O.B.E., H.B., 

Lecturer and Sesearcher on Venereal Pathology to the London Lock 
Hospital, Bean Street, Soho). 

Our knowledge regarding immunity towards pathogenic bacteria is slowly but 
surely progressing. It would appear, indeed, that the time is not far distant 
when, by means of vaccines, we will be able to master perhaps the majority of the 
infectious diseases which cause so much misery and so much loss of life amongst 
mankind. 

It has now been definitely proved that, when a number of dead bacteria are 
injected under the skin, a temporary inflammation is produced in the tissues, and 
thereby these tissues manufacture a certain amount of specific antisubstances 
towards the germs which were thus artificially introduced. These so-called anti¬ 
substances, which consist of “agglutinins,” “ precipitins,” and “bacteriolysins,” 
remain in the system for a considerable time, and by circulating in the blood they 
render the individual less susceptible to attack by that particular germ which 
was injected. 

All germs are more or less toxic. In some cases the toxin or poison is excreted 
by the bacterium, but in the majority it apparently resides enclosed within the 
germ stroma, and is known as endotoxin. Most workers maintain that anti¬ 
substances cannot be successfully developed against endotoxins, so it would seem 
logical that we should try to rid vaccines of these poisons, since they are harm¬ 
ful and do not aid in immunisation. 

Emulsions of dead germs are called vaccines, and we can make a vaccine of 
any micro-organism which we can isolate and grow artificially in pure culture. 
Since we can now grow pure cultures of the majority of pathogenic bacteria, there 
are in consequence a large number of different vaccines on the market. These 
are made up of such germs as cause typhoid fever, pneumonia, influenza, bronchitis, 
colds, meningitis, tuberculosis, puerperal fever, gonorrhena, boils, abscesses, 
acne, etc. 

So far the most strikingly successful vaccine is the typhoid inoculation. It has 
been proved beyond all doubt that an injection of 1,250,000,000 of dead typhoid 
bacilli, followed by another injection of 2,500,000,000 ten days later, gives the 
individual an almost certain guarantee of immunity towards typhoid fever for at 
least one year. 

Preventative inoculations against other diseases, however, have so far been 
much less successful, partly due to the fact that many of the germs in question are 
too poisonous or toxic to permit of large inoculations. It is reasonable to suppose 
that, the larger the amount of dead germs injected under the skin, the greater will 
be the quantity of antisubstances produced against them by the subcutaneous 
issues- When, however, a given germ is so toxic that we dare only to inject 
a very small amount of the vaccine, then we can hardly expect a successful 
immunity to be produced thereby. 

In South Africa there occurs a very severe and fatal form of epidemic pneu¬ 
monia amongst the negroes on the rand. In recent years attempts have been 
made to inoculate these negroes against this disease. It was not considered safe» 
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however, to inject a larger number of pneumonia germs than about 250,000,000 (at 
one time), and the amount of immunity conferred by this amount was insufficient 
to prevent the epidemics. Lately, however, one investigator has boldly inoculated 
the negroes with doses amounting to 5»ooo,ooo,ooo pneumococci and upwards, with 
the result that the epidemics have been stemmed in a very striking manner. 

^ From^ data such as the above, as well as from experimental researches on 
animals, it would appear that large inoculations are necessary if we wish to obtain 
a certain guarantee of immunity. To solve this important factor, it is obviously 
necessary to find some means whereby large doses of vaccines may be injected 
under the skin without harmful results to the individual. 

Attempts have been made in the past to reduce the toxicity of certain germs 
by growing them on special culture media, or by preparing the vaccine in a certain 
way before use. The process of ** sensitisation,” which consists in treating the 
vaccine with a specific antiserum, has helped to reduce the toxicity in some degree, 
but on the whole it must be admitted that these attempts have been more or less 
unsuccessful. 

I believe, however, that now this problem of detoxication of germs has been 
satisfactorily solved by a chemical process which I was fortunate enough to dis¬ 
cover, and which was published in the Lancet on June 28th, 1919. 

This discovery was originally made with regard to the gonococcus (the germ 
which causes gonorrhoea). About two years ago I was greatly puzzled because 
the gonococcus, when cultivated artificially, gradually disintegrated and died within 
a few days. The germ appeared to break up into small granules, a process which 
is known as “ autolysis.” After having been baffled for eight months as to the 
cause of this phenomenon, I eventually discovered that it was due entirely to the 
chemical reaction of the medium. So long as the medium was acid, no disintegra-^ 
tion occurred in the germs; but, on the other hand, when the medium was 
alkaline they autolysed very rapidly. In other words, the gonococcus was insoluble 
in weak acids, but was very soluble in weak alkalis. It was discovered further, by 
means of a certain delicate test, known as the complement fixation reaction,” 
that the specific chemical characteristics of the germs were not altered or 
destroyed by the solvent action of the alkali. 

Later researches showed that, when acid was added to an alkaline solution of 
gonococci, the bulk of the germ substance was thereby precipitated from the solu¬ 
tion. It was also noted that, when the acid precipitate was driven down by centri- 
fugalisation, the supernatant fiuid was extremely toxic, and when injected under 
the skin it produced all the poisonous symptoms which result from an injection of 
the actual germs themselves. The, acid precipitate, on the other hand, was less 
toxic than an equal bulk of the germs which had not been chemically treated as 
above. When the process of dissolving in alkali, precipitating with acid, and 
removing the supernatant fluid, was repeated about six times, it was found that the 
supernatant acid fluid became no longer poisonous, and the sixth precipitate was 
about one hundred times less toxic than an equal bulk of the original germs. 

Picric acid (saturated aqueous solution) proved to be an excellent test for the 
presence of toxin in the supernatant acid fluid. So long as toxin was present the 
addition of the picric caused a milky cloud, and when this test became negative 
the process of detoxication could be considered complete. It was also found that 
the toxin could be thrown out of solution by the addition of concentrated sodium 
chloride. This is an important fact, since it points to the necessity of using weak 
alkali and weak acid m the later stages of the process, since the salt produced by 
the union of the two reagents might be sufficiently strong to precipitate the toxin. 
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I was, perhaps, the first to use the “ complement fixation test ” as a quantitative 
measure of the immunity produced by vaccine inoculations. The leading article 
in the Lancet on my woik criticised this method of measuring immunity. Since 
the test, however, is really a mode of estimating “precipitins,” which are anti¬ 
substances, I fail to see why this criticism was forthcoming, and my faith in the 
method remains unshaken. Anyhow, it was ascertained by means of this test that 
large inoculations of the detoxicated germ substance produced much more 
immunity than small doses of the toxic germs themselves. Moreover, clinical 
observations corroborated the scientific findings, since the curative results of the 
two vaccines showed that large doses of the detoxicated type were distinctly 
superior in treatment to the small doses of the ordinary toxic variety. 

More recently I have applied the same chemical process of detoxication to a 
series of other germs, with more or less similarly successful results. It is quite 
obvious, however, that different germs vary very much in their chemical compo¬ 
sition. 

The influenza bacillus and the meningococcus are, like the gonococcus, 
extremely soluble in alkali \ others, however, such as tubercle bacilli, staphylococci, 
and streptococci, etc., are very insoluble, and require the prolonged action of 
strong alkali containing a trace of chlorine. When once dissolved, these latter 
germs can readily be precipitated by acid like the others. The most difficult 
germs to pass through the process of detoxication are such organisms as the 
typhoid bacillus, Bacillus coli^ and Friedlander^s bacillus. These are dissolved 
readily enough in alkali, but they are extremely difficult to precipitate by the 
addition of acid. It seems a good rule that light germs which sediment slowly 
are very difficult to precipitate, and vice versa \ heavy gcims which sediment 
rapidly are easy to throw out of alkaline solution by acidification. The addition of 
sodium chloride to the acid aids the precipitation very markedly; but, unfortu¬ 
nately, as already mentioned, this tends to precipitate the toxin as well. In 
consequence the concentration of sodium chloride which can be used is limited to 
about 5 per cent. Alcohol aids precipitation in some cases, but it also precipitates 
the toxin, so its use is to be avoided. ^ 

With regard to the gonococcus, it was noted that about two-thirds of the germ- 
substance was thrown out of the alkaline solution by acidification, and that about 
one-third of the material (which is toxic in nature) remained in the supernatant acid 
fluid. On the other hand, in the case of such germs as the typhoid bacillus and 
Bacillus coU^xX would appear that this proportion is reversed, since only about one- 
third is precipitated by the acid, while two-thirds remain in colloid solution in the 
acid supernatant fluid. Furthermore, these germs are not so readily detqxicated 
as the gonococcus, since the final precipitate obtained after repeating the process 
six times cannot be injected in su(^ large doses as in the case of the latter. 

It would appear, however, that all germs can be detoxicated successfully by the 
process in a greater or lesser degree. The only point of difference is that varia¬ 
tions in the strength of the alkali are required to suit each organism. I feel 
confident that, with further researches on detoxication on the above lines, the 
problem of the administration of the large inoculations necessary in order to produce 
a high degree of immunity without harmful effects will be completely solved. 

Vaccines have been employed not only for preventative, but for curative, 
purposes. Thus small doses of the appropriate germ may be given with good 
results in the course of a disease. In such cases, however, the amount injected 
must be smaller than in the case of preventative inoculations, which are adminis¬ 
tered during health* This necessity of giving tiny doses during an illness detracts 
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very much from the immunising and curative value of the vaccine. For thera¬ 
peutic purposes, therefore, detoxicated vaccines should prove of the greatest 
value, because the immunisation of the patient can be attained without appreciably 
adding to the toxic symptoms resulting from the disease itself. 

The following table shows approximately the comparative dosage of detoxicated 
and ordinary vaccines ; 

Germ. Detoxicated Vaccine. Ordinary Toxic Vaccine. 

Gonococcus 2,500,000,000-10,000,000,000 25,000,000-100,000,000 

Meningococcus 2,500,000,000-10,000,000,000 (?) 

Staphylococcus 10,000,000,000 250,000,000-1,000,000,000 

Influenza bacillus 500,000,000-1,000,000,000 50,000,000-100,000,000 

Pneumococcus 2,500,000,000-10,000,000,000 200,000,000-500,000,000 

] ijooo,000,000-2,000,000,000 50,000,000-100,000,000 

Mued organisms\j jjjQ ggg oQQ 100,000,000-250,000,000 

Tubercle bacilli 500,000,000-1,000,000,000 (?) 

Resdhrches with detoxicated coryza vaccines in the prevention and treatment 
of common colds, bronchitis, and so-called influenzal attacks holds out consider¬ 
able promise of success. 

There is still, however, another problem of great interest in conneadon 'mth 
the production of immunity by means of specific inoculations. In the course of 
my investigations on the vaccine treatment of gonorrhoea it was noted that the 
amount of antisubstance produced in different patients as the result of equal 
inoculations varied i^ a very remarkable manner. Thus, while some subjects 
developed ten units of immunity after the injection of a total of 40,(^0,000,000 of 
detoxicated gonococci, others only developed some four or five units even after 
a total of 80,000,000,000. Those who had the power of developing a large amount 
of antisubstances got better much more rapidly than those who showed a feeble 
capacity in this respect. This variation of power in producing antisubstances as 
the result of inoculations did not appear to me to have any very definite relation¬ 
ship to the robustness of the patient. . . . j-rr 

It is obviously very important that the cause of this variation in dinerent 
individuals should be discovered. When we are able to inject large quantities of 
vaccine, and when, in addition, we know the conditions necessary for a powerful 
response of antisubstances, then our mastery over bacterial diseases will be to a 

large extent complete. *1 

In recent years our knowledge regarding bacteri^ antibodies has greatly 
increased, so much so that it is possible to detect them in the blood, and even to 
measure the amount produced by a given inoculation. With (ireful quantitative 
researches, therefore, on these lines there is no reason why highly efficient and 
successful vaccines should not be obtained for almost all of the infectious diseases. 

Dtrs® HrEAXATlOir AOT SEIXTEB’S phthisis {H. W. Davies, 
MD., B.S., Captain, Australiaii A.li;,C.) 

Miner’s phthisis is a disease which has long been recognised, and in certain 
localities, notably the Transvaal, is well known on Mconnt of its prevalence and 
deadly character. It is caused by certain dusts, mMuly the various forms of ^re 
siUca, which accumulate in the lungs, setting up a ftrosm, ^d rendeii^ them 
very less resistant to infection by tubercle bacilli. Coal-dust, on the otner 
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hand, does not appear to have this effect, and unless breathed in very large 
amounts is harmless, if not actually beneficial—coal miners in England have a 
lower phthisis mortality than agricultural labourers. 

Many attempts have been made to explain the reasons for this difference, and 
the popular idea, even among medical men, is that the cleadliness of silica is due 
to the hardness and sharpness of the particles, flowevcr, even coal particles are 
often sharp and angular, and also are moderately hard. Further, it is found that, 
if silica be inhaled mixed with coal-dust or with clny, it becomes relatively harm¬ 
less, which would not occur if its harmfulness were due solely to hardness and 
sharpness ; so a further explanation is necessary. Experiments have been carried 
out by Prof. Beattie at Sheffield and by Drs. Haldane and Mavrogordalo at Oxford. 
Guinea-pigs were exposed to various kinds of dust, and after a certain time they 
were killed and their lungs examined. In all case^ the dust was found to be 
present immediately after exposure, and was taken up' by the epithelial cells of the 
lung alveoli. In the case of silica these cells mostly remained in situ, and 
eventually produced fibrosis ; but in the case of coal they became detached and 
wandered out with their loads of dust (hence the “ black spit ” of coal miners), so 
that the lungs of a guinea-pig exposed twelve months previously to coal-dust 
appeared perfectly normal. That is to say, that coal and the other harmless dusts 
have the power of stimulating the epithelial cells while silica is inert. This stimu¬ 
lating power is probably due to adsorbed substances. 

It has been found that, if a mixture of silica and coal be inhaled, the mixed dust 
enters the epithelial cells, as in the case of the unmixed dust; the cells become 
detached, as in the case of coal alone, and they wander out with their mixed load 
of coal and silica. That is to say, that the dangerous silica is rendered harmless 
by the addition of coal. This opens up a new method of dealing with dangerous 
dusts. By means of water-sprays and ventilation in mines it is possible to greatly 
reduce the dust. However, a small quantity remains which is still sufficient to do 
damage to workmen constantly exposed. Probably it will be possible, by adding 
coal to this remaining dust, to render it harmless, and just as stone-dusting is used 
in coal mines to prevent coal-dust explosions, so coal-dusting will be used in quartz 
mines to prevent miner’s phthisis. 

The experiments at Oxford were interrupted by war work, but have now been 
resumed in Dr, Haldane’s laboratory at the expense of the Medical Research 
Committee, Dr, Mavrogordato is shortly going to South Africa in an advisory 
capacity, and during his absence the experiments are being carried on by the 
writer. 
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THE GHOST-HYPOTHESIS s on Spirit Experiences, by Charles A. 
Mercier, M.D., F.R.C.P., RR.C.S. [Pp. 54.] (London: Watts & Co. 

1919. Price 9^, net.) 

The psychological formation which may be called Anglo-Saxon Conglomerate or 
Puddmgstone extends from Deal to San Francisco, and consists of good stone 
embedded in friable alluvium or sandstone, useless for constructional purposes; 
but here and there we find outcrops of the finest crystalline granite, of which our 
most enduring monuments have been made. Science has long hoped to con¬ 
gratulate itself that Dr. Charles A. Mercier * was of the very best grade of the 
latter kind of rock. Combining the clean cleavage and logical hardness of a 
Huxley with the sparkle and invention of, let us say, the two Samuel Butlers, he 
has been for a long time, we think, the best of our writers on the scientific side— 
great because, unlike our wits of journalism, politics, and literary criticulism, he 
deals only or chiefly with great things which really matter. For years he has 
stood for truth and straight thinking, like a cromlech in the crumbling plains of 
Puddingstone around him. But now we buy his last book, rub our eyes, and fear 
that even he has fallen 1 

Here is the full title: “ Spirit Experiences; the Conversion of a Sceptic I 
Startling and astonishing experiences of a seeker after truth—Unprecedented 
marvels—^Telepathy—Levitation—Communications with the dead—Telergy—^A 
completely novel experience—Substitution.” Oh, dear 1 On opening the book we 
find that it begins with an apology for his previous book called Spiritualism and 
Sir Oliver Ledge, He admits that he was wrong, and that his eyes were opened 
by a review in the Times which said, “ Objectors [to spiritualism] must study the 
subject as closely and carefully as the devotees. Otherwise they necessarily come 
into court convicted in advance of the sin of amateur criticism.” The very same 
evening Dr. Mercier had an opportunity for testing this dictum. He thought 
that his pudding at dinner was burnt. But his cook denied it and said, “ It cannot 
have been burnt, for I cooked it over the gas.” He stood convicted of amateur 
criticism—for he had never cooked a pudding. The pudding, therefore, was not 
really burnt at all: and he summarises his conversion in the apothegm that “ the 
proof of a pudding is [not in the eating but] in the cooking.” 

Nevertheless we do not agree with the dictum of the Times reviewer as a 
universal truth. There is such a thing as a priori improbability. For example, 
if a man were to tell us that on measuring a thousand triangles he had found that 
two sides of a triangle were together less than the third side, we should—well, try 
to change the subject. If he were to persist and to demand that we should 
measure another thousand triangles together with him, in order to convince our¬ 
selves of the truth of his statement, well, we (busy men) would decline to waste 
our lime over such a foolish undertaking. 

Statements and demands equally absurd have often been actually made, even 
in connexion with scientific work: but let us now consider a less extreme case. 
Suppbse a man were to tell us that he had seen Mr. Lloyd George, Mr. Asqmth 
^ W<$ regret to say that Dr. Mercier died on September and. 
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and Mr. Bonar Law walking arm in arm down Piccadilly, we should have no reason 
to disbelieve him. But if he were to add that they were dressed in the engaging 
costume of negro minstrels and were playing banjos, we should assume an a pHoH 
improbability and think that he was joking, or mad, or—well, a liar. If he were to 
claim that he could bring a dozen other eyewitnesses of this appalling indecorum 
to verify his statements, we should, of course, still refuse to waste our time over 
the inquiry and decide that our informant was merely a politician ! Indeed, even 
if a dozen witnesses were to tell us the same thing, we should still refuse to believe 
any or all of them—so great would be our respect for the three gentlemen named. 
Now, all spiritualism is in the same case—^there is a fundamental a priori improba¬ 
bility attached to it. That improbability is even greater than the one attaching 
to the supposititious promenade of the three statesmen (who after all are quite free 
to walk down Piccadilly playing banjos if they wish); and it is nearly as great 
as the improbability attached to the singular behaviour of the thousand triangles. 
We disbelieve all three statements. If we are pressed to examine evidence we 
reply, “ The a priori improbabilities of your hypothesis are almost infinite, and 
we do not think that you have even made out a prima facie case why we should 
waste our time over conducting any investigations on the subject at all.” And, be 
it noted, men of science are frequently forced to give precisely the same reply 
when urged to investigate scores of other wild speculations besides those of 
spiritualism—such as the centrality or flatness of the earth and the potency of every 
imaginable drug to cure every imaginable disease. There are many propositions 
which require no further investigation, whatever their “devotees” may say, 
because they obviously lead at once to deductions which will not fit in with the 
facts around us. We do not generally trouble to argue the point, because we 
recognise that the devotees belong to the numerous class of people who are 
naturally incapable of thinking straight. For instance, it is not possible to believe 
the stories regarding the three Ministers or the thousand triangles; but it would 
take some time to explain the grounds of our disbelief to the tellers 6f those 
stories, who we think should already possess enough sense to recognise the folly 
of their proposals. So also with spiritualism. 

Very few of our acquaintances claim to have seen ghosts ; but we have read of 
ghosts who wore winding-sheets, chain-mail, or bob-wigs, and who carried daggers, 
swords, pistols, candles, and bleeding hearts. Stop-—let us inquire further. If 
we believe these stories, then we must believe, not only in ghosts of the human 
form, but also in ghosts of linen, hair, iron, and tallow—we return to the profound 
philosophy of Swedenborg, who said that everything had a ghost. If we refuse to 
accept this deduction, we must believe only in naked ghosts ; but here, again, we 
are in a comer, for a man’s hands, feet, face, and body are only material parts 
of him. If only the soul of a person has a ghost, how can we ever recognise, say, 
the ghost of our wicked stepmother when she brings us poisoned gruel ? Her 
ghost can have no resemblance to her living form, unless we admit that mere 
material bodily adjuncts have ghosts or may form parts of the ghost-entity. Then 
again, how is it that these particular ghosts have the power of appearing to our 
vision by producing or reflecting light-vibrations, or of speaking to us by means 
of sound-vibrations, both universally associated in human experience with matter ? 
There are some thousand million people now living; so that, if ghosts exist at all, 
we should assume that millions of millions of ghosts have come into being during 
the last millennium alone, not to mention the ghosts of their inanimate habiliments 
and the ghosts of animals, etc. Where are they all ? How is it that only such a 
very few of them can haunt us—or, rather those of us who like to see ghosts? 
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Only “restless spirits” appear before us! Ah! we fear that in this case every 
one of us should see one ghost at least every night. Then, why is it that ghosts 
do not appear to us in broad daylight, and let us examine them thoroughly, and 
take photographs of them ? And, above all, when they speak why do they not say 
something great or useful ? Ordinary persons like ourselves cannot answer these 
questions. Frankly, we do not try to. We find it easier to believe that those who 
tell us l!fiat they have seen ghosts are—well—not telling the truth. That is old 
Hume's strong position. 

Then there is the whole body of evidence suggesting that mind is only “ the 
secretion of the brain ”—evidence which has not been even damaged by the modem 
pseudo-philosophers, who are out to prove themselves above the order of nature. 
We witness the development of mind in ourselves and in our children ; we observe 
its evolution throughout the animal kingdom to mankind, and even throughout 
mankind from the lowest to the highest types ; and we see it profoundly affected 
or even destroyed by material agencies. It is depraved almost out of recognition 
by various diseases and malformations of the brain j stimulated by good food and 
health; weakened by starvation, fatigue, and age; held in abeyance by opium 
and other drugs, and by natural sleep; excited, maddened, or abrogated by 
alcohol; improved by education and success; soured by failure, and even by 
indigestion; and finally knocked out altogether, temporarily or permanently, 
by such a simple process as a knock on the head. And yet our ghost-seers say 
that it is not of the body at all; that it is able to live independently, retaining its 
vast stores of memories, passions, feelings, judgments, and convictions, its muscu¬ 
lar powers (to lift tables and chairs at stances), and its powers of utterance, all 
without food, body, muscles, or tongue; and that it even possesses additional 
powers to those which it possessed before, such as the powers of generating light, 
passing through walls, writing on slates in locked boxes, and communicating with 
living people through infinite distances of ether! True, the wily modem 
spiritualist is trying to abandon visible ghosts altogether (because of the difficulties 
mentioned above), and contents himself with “ communications from the dead 
through living “ mediums.” But the same difficulties remain ; whether visible or 
not, the pretended ghost is supposed to retain his powers of body, language, 
memories, loves, and hates, and all without the substances and organs which make 
these things possible^ in life. Now, it is a universal experience that a given result 
is produced by one, and only by one, complex of causes. Take our friend 
Mr. Jones, for example. He is built up by a great complex of bone, flesh, blood, 
clothes, and banking account; his memory is stored with fifty years of experi¬ 
ences ; and every action and word of his is based upon and conditioned by those 
experiences. We have Aever met another Mr. Jones, and do not believe that he 
exists. If another person were to claim to be he, the law would put him into gaol. 
But now we are told that certain particles of ether, without his body, brain, and 
banking account, can build up another but ghostly Mr. Jones somewhere in 

supernal space around us ! ^ 

All this is hard to believe in—as hard to believe in, let us say, as the ghost of 
a candle after it is blown out, or the ghost of a steam-engine continuing to run 
along the rails on dark nights without coal, after its frame, cylinders, and wheels 
have been broken up. So strong are our a priori objections that we must have 
very strong evidence to overcome them. If a,fisherman telb us that he h^ 

caught a thirty-pound pike, we are quite ready to believe him; but, as the weight 
of the pike increases, so does the weight of the evidence required to overcome our 
incredulity—and in something like an exponential ratio. Thus, when the pike 
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becomes a whale the evidence ijtiust be as weighty, let us‘say, as the star Sirius* 
So, also, when Jones becomes a ghost. 

Now, as to the evidence actually “obtained” by the spiritualists, most people 
who have read accounts of it—as, for instance, in Mr. Edward Clodd*s very crush¬ 
ing book, The Question (Grant Richards, 1917)—conclude (i) that all the miracles 
and tricks ascribed to spirits and mediums in stances are not a wit more surprising 
than those performed by professional conjurors merely to amuse audiences; 
(2) that as many of these mediums and tricks have been shown to be impostors and 
frauds, so probably are all the rest; and (3) that quite a common class of persons 
will say or do anything in order to obtain notoriety—or money. The weight of 
this “evidence,” compared to what is required to overcome the weight of the 
a priori objections, is as the weight of a hair to that of the said star Sirius. If 
only these ghosts would come out and have a plain talk with us on a sunny day 
in an open field, or say in Hyde Park, what a lot of trouble would be saved ? And 
why, also, cannot the miracles of clairvoyance, telepathy, etc., be performed under 
the same conditions? Yet any poor Indian juggler will do much more wonderful 
things in the open—and so will many a “ professor ” on an English race-course. 

We therefore continue our perusal of Dr. Mercieris book with misgivings. 
He claims that his evidence is much more veridical than that of Sir Oliver Lodge. 
He certainly succeeded in transferring a thought from his own mind to the mind 
of another person—^which we have seldom been able to do—and that right through 
a brick wall. He has seen instances of levitation of the most surprising kind—a solid 
object dematerialised in one place and materialised again in another. He must be 
congratulated on possessing the acquaintance of the two young telepathic mediums; 
but not so much on meeting the two gentlemen in the railway canriage; because, 
not only did they quite overcome his stupid, bigoted, benighted, dull, cowardly, 
unreasoning, scientific scepticism, first by means of three cards held on the tips 
of thumb and fingers of one hand, and then by means of certain thimbles and peas 
placed on a fiat surface, but they also made him lose consequence of his 

enthusiasm for scientific investigation 1 But the reader must buy the book for 
himself. He will then find (thank Heaven 1) that Dr. Mercier has not fallen after 
all, but that the granite is as true—and as sparkling—as ever! What the book 
succeeds in doing is to show that the so-called Psychic Phenomena are, millions 
to one, nothing but Prestigiatory Phenomena—as we have just suggested. Oh, 
that some conjuror would only write a book explaining his amusing art! We 
should then, also, obtain a full scientific explanation of our much less amusing 
ghosts. 

Seriously, there is still room for a good essay on the evolution of the Ghost- 
Hypothesis, We doubt its origin in the personification of njiture-forces. Much 
more probably it was found useful during the vast and dark ages of tribal evolution 
which gradually moulded man before the historic era, in overcoming the fear of 
death in battle, and was expressly inculcated for that very reason by the sages and 
minstrels of the dawn. It must also, certainly, have been a powerful deterrent 
against cruelty, oppression, and murder, when there were no policemen ; for the 
criminal always had to fear his victim’s ghost, if not his victim’s friends. Litera¬ 
ture is full of both these themes. At its best the Ghost-Hypothesis has probably 
done much for humanity, both as the enemy of vice and the friend of virtue ; and 
we still see the good of it as an anodyne for bereavement and a stimulant for 
noble effort In foct, its action has been very similar to that of alcohol or opium ; 
and men still accept it for a similar reason, because it is pleasant and comforting 
to them. They believe in it because they wish to believe in it; they invent 
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evidence and pervert argument in order to convince themselves ; and even main¬ 
tain that it is true because it is pleasant. 

But there are no grounds for supposing that what is pleasant must therefore be 
true. It is quite possible that truth may sometimes be dangerous and untruth 
beneficial. The Ghost-Hypothesis may have been useful in the past; but, now 
that men are beginning to emerge from barbarism, it is, we think, becoming less 
and less useful to us. As we grow up we should try to face facts more firmly. 
Every adult ought to see this quite clearly; and we do not admire those who still 
try to force the superstitions of the Middle Ages upon us. 

Curiously enough, nearly the whole of this modem form of superstition 
emanates from the Anglo-Saxon Conglomerate—we find little of it among the 
older civilisations of the Latin Races, or even among the Germans. Now, the 
nature of the Puddingstone is that it is good in places but utterly soft in between ; 
and we therefore see many people among us who are thoroughly sound and 
reasonable in the ordinary affairs of life, but who may break down in a ininute 
into spiritualism, theosophy, telepathy, anti-vivisection, or a hundred other similar 
weaknesses! We understand that most of our “ mediums ” come from the 
United States—and thank Heaven for that, at least! Probably no other race but 
ourselves would be so gullible as to believe in anything they may see done at 
stances in darkened rooms, previously prepared for their deception. Probably, 
then, this superstition is based, not on any body of ascertained fact or reasoned 
argument, but on a widespread racial mental weakness, due to nature or to bad 
education. ^ . 

As fact, the Ghost-Hypothesis is nothing; as allegory, it is everything.^ It 
has been associated in the past (for good reasons) with the greatest Teachings 
and the wisest Philosophies; but these can now stand by themselves. The 
Moral Law is based, not on any form of fabulism, but upon the broadest Common 
Sense. Our ghosts are our deeds, which for good or evil live after us; and our 
heaven and hell are those which we make for ourselves. Spiritualism is a 
debased version of these high truths. It is debased because it ascribes actuality 
to what are really parables invented by the Fathers of Humanity to guide us in 
our conduct, and because it does so in order to please its pupils by attempting 
to assuage the fear of death. We shall do well to follow in this matter the wise 
and beautiful mind of Matthew Arnold. Men are not divine by nature, but may 
become so by wisdom. So long as they continue to believe themselves divine 
by nature they will fail to become divine by wisdom. Why ? Because they will 
'then continue to lie to themselves. That is why spiritualism is not of Good, but 
of Evil 
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RicciftMtLY Peda2’0£ric Toumals have been richly furnished with articles bn ling 

Novelty-lovers burred round them; older stagers 
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shrugged their shoulders and wore that gently derisive smile which is so irritating; 
a few scoffed openly; and the rest, surmising that it was “ some new dodge for 
finding out whether you are stupid or not,” placidly left them uncut. 

Now, Prof. Findlay claims that, though Binct-Simon Method textbooks havo 
appeared, “ this work by Prof. Terman is the first comprehensive and detailed 
account prepared for the use of educators in dealing with school-children” 
(Preface, p. v). 

Unfortunately, dealings with red tape nowadays curtail some teachers* oppor¬ 
tunities and energies for dealing with their proper objective—children. But if, as 
Prof. Findlay suggests, these methods are upon us, let them be weighed, for if 
unsound they may prove disastrous, educationally and socially. 

Part I of tliis book describes, in seven chapters, the Binet-Simon theory with 
-its " Stanford-revision,** attempting to justify its use in general, and its results in 
particular. Part II presents carefully, and rather tediously, tests for children 
at each year between 3 and 14 ; for the average** and for the “superior** adult. 

The “Material,** eighteen cardboard sheets, consists of pictures, a colour 
scheme and diagrams, to test observation, judgment, memory; the latter, perhaps, 
overrated as a sign of intelligence—certainly Montaigne would say so. 

It is fair to note that Prof. Findlay expressly states that “ those who use the 
tests make no claim that the entire mental life of the subject is comprehended 
within the scale **; and again, “ Just as thf chemist analyses a sample of milk, 
and then sends his report to the competent authority, so the Binet-Simon tests 
enable the psychologist to report on certain facts: the educator takes his own 
responsibility in attaching due weight to these** (p. viii). Also, Prof. Terman 
says : “ Before offenders can be subjected to rational treatment, a mental diagnosis 
is necessary ; and while intelligence tests do not constitute a complete psycho¬ 
logical diagnosis, they are, nevertheless, its most indispensable part ** (p. 11); and, 
“ It would be a mistake to suppose that any set of mental tests could be devised 
which would give us complete information about a child*s native intelligence** 
(P- 135); still more forcibly, “Once more let it be urged that no degree of 
mechanical perfection of the tests can ever take the place of good judgment and 
psychological insight. Intelligence is too complicated to be weighed, like a bag 
of grain, by anyone who can read figures** (p. T36), Unfortunately, as so often 
happens with propagandists, admissions, qualifications and disclaimers being 
made are afterwards, apparently, forgotten or abandoned. 

But even with such admissions, the book’s philosophical defect is its failure to 
appreciate the impossibility of measuring intelligence in isolation, simply because 
it does not exist so. Biolo^, physiology, ethics, economics, sociology-—where 
does the list end ?-—claim their shares, because the human being, it is a platitude, 
is not only “native intelligence,** but an amalgam of thought, will, feeling, inter¬ 
acting, interdependent, and, moreover, swayed, changed by times and places. 
This underrating of the extreme, often conflicting, complexity of human nature 
persists through the book. An excellent example is Prof, Findlay’s simile of the 
sample of milk, also used by Prof. Terman. Yet no child is so homogeneous with 
other children as is a sample of milk with the rest of which it was once a part; 
nor—an incalculable enhancement of diflSculty—is any child so homogeneous with 
itself, there being more continuous stability of contents in milk than in any child, 
even the most immovably stolid. 

Prof. Terman blames a teacher for stujudity in not recognising that a child, in 
sdhoolfor months, is “deficient**; yet, what it his own state when he proposes 
that a period, firom 2 $ to 60 minutes, t^en at random, in artificial circumstances, 
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shall, by the child's perfonnance, serve as a test to settle its grade of 

and possibly its future chances ? The poorest teacher would refuse, by one brief 

test, to appraise any 

child of a thousand chances ’neath the indifferent sky. 

What would an alienist say of such methods ? 

Prof. Terman talks about ‘‘establishing rapport with the victim of his 
research, lightly allotting “ three to five minutes in a majority of cases ” (p. 124) ; 
but children’s confidence is not so easily won. 

The following passage throws a curious light on his view of children: 

“ Nothing contributes more to a satisfactory rapport than praise of the child’s 
effort. Under no circumstances should the examiner permit himself to show dis¬ 
pleasure at a response, however absurd it may be. In general, the poorer the 
response, the better satisfied one should appear to be with it. An error is always 
to be passed by without comment, unless it is painfully evident to the child him¬ 
self, in which case the examiner will do well to make some excuse for it—e.g., 
‘You are not quite old enough to answer questions like that one; but, never 
mind, you are doing beautifully, etc.’ Exclamations like ‘ Fine ! * ‘ Splendid! ’ etc., 
should be used lavishly. Almost any innocent deception is permissible which 
keeps the child interested, confident, at his best level of effort ” (p. 125). Quite a 
little observation of children will disclose the fact that, ordinarily, they possess 
penetrating flair where their elders are concerned. Combined patronage and 
hypocrisy would be likely to evoke wide-eyed contempt from average children. 

Prof. Terman pours considerable scorn on teachers, parents, and physicians ; 
but has it, one wonders, occurred to him that there are such things as tempera¬ 
mental compatibility and its opposite ? Not every two mortals “ suit ” each other, 
even though they be teacher and taught. Suppose a “Stanford” examiner 
did not chance to “ suit ” the youthful experimentee. What a disaster if, through 
euch incompatibility, it passed out of the laboratory labelled “deficient,” or— 
deplorable title to ordinary ears—“ a moron.” 

In Chapter II, Prof. Terman describes three teachers’ attempts to judge five 
children not known to them. He complains that they were “reduced to the much- 
abused test methods,” and declares that they “ employed very awkwardly a very 
excellent method,” adding “ the test method is but a refinement and standardisa¬ 
tion of the common-sense approach.” But if it be, teachers do not claim to gauge 
a child’s intelligence by one trial; “standardising” questions will not make 
human nature suitable for “exact” methods. Possibly sweet-pea plants, guinea- 
pigs, blue mice arc sufficiently alike to warrant the application to all of conclusions 
drawn from observation of a few; but “pet” animals whose development is 
changed and diverted by human friends will serve the purpose poorly. That 
human beings escape these precise tests is shown by the rough-and-ready 
surmises we make about each other, our blunders crystallising in such familiar 
grumbles as “ I should never have expected So-and-So to do that.” The nesirer 
we approach to mathematics, the farther we recede from essentially human life. 
For example, in J. S. Mill’s philosophical hands Political Economy remained 
“ human.” With his mathematical predecessor, Ricardo, and with many of his 
successors who used “ exact ” methods, it gained an appearance of cold relentless- 
ness which may have contributed to its unpopularity. The properties of plane 
figures, the constituents of a chemical compound, the main plant characteristics 
permit, in their several degrees, of the application of “exact methods ”; but not 
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Amorist agonist man, that, immortally pining and striving, 

Snatches the glory of life only from love and from war; 

Man that . . . 

Seemeth so easy to shatter, and proveth so haid to be cloven; 

• • • • • 

Man whom Fate, his victor, magnanimous, clement in triumph. 

Holds as a captive king, mewed in a palace divine. 

Those restorations which avail to turn an abstract into a concrete science are 
impossible in the “ human sciences,” where, in some degree, each man is a law to 
himself. Not without reason has someone—was it not Dr. Schiller?—suggested 
that the desideratum is ‘‘ as many individuals, so many metaphysics.” 

Further, is Prof. Terman justified in implying the existence of a fixed standard 
of correctness and error ? Handling replies to “ test-questions ” ; he labels them 
right or wrong. Yet, belauded for their definiteness, they seem, not seldom, to 
admit of a variety of shades and differences in reply. The test for an “ average 
adult,” whatever that may be, is—‘‘ What is the difference between laziness and 
idleness ? Prof. Terman judges the reply on strictest etymological lines. But 
words, long used, acquire meanings : dictionaries, not alone English ones, admit 
these as synonyms. It may be inaccurate, but it is not “ unintelligent,” to say 
“ So-and-So is an idle fellow,” meaning that he could work, but won’t. Moreover, 
words do not abide alone; theories grow round them. What delicate enter¬ 
tainment might accrue from a symposium on laziness and idleness, say by 
Mr. Bertrand Russell, Lord Northcliffe, Mr. Smillie, and the Duke of Northumber¬ 
land, with perhaps Mr. Bernard Shaw as Official Critic. It comes to this, man is 
a live creature, not an equilateral triangle, and the science of him is inexact; 
very useful in capable hands, but inexact. Between abstract and concrete is a 
great gulf fixed. Doubtless, cmierisparibus^ 2 4- 2 » 4 ; but in the concrete what 
sort of “four” can one make of two elephants and two stars? Can genuine 
Science afford to watch the establishment of methods whose affinity seems closer 
to some noisily-advertised systems of “Wisdom while you wait” than to serious 
Psychology ? It is difficult to believe that it can. 

Theory-mongers often write as if they were pioneers, and not all share Pesta- 
lozzi’s frankness in boldly eschewing all forerunners. Prof. Terman warns us 
against the deceptions of superficial quickness, which Ascham had done inimitably^ 
centuries ago, in his famous comparison of “ quick wits ” and the “ staffish.” 

A philosopher should not generalise rashly—e.g., “the ability to comprehend 
and use language is one of the most reliable indications of the grade of mental 
intelligence” (p. 143)* Is it? Some of us are naturally glib; more acquire 
fluency by training and practice; some, quite able people, never attain to it. 
Again, “ All of us in early childhood lacked moral responsibility. We were as 
rank egoists as any criminal ” (p. ii). All I Were we all really as bad as that? 
A famous sentence about the difficulty of “drawing up an indictment against a 
whole people” flits through the mind. Of humanity, Burke, like Talleyrand, 
might have said “ I know the beast.” 

Why, being a psychologist, does Prof. Terman care, apparently, so little for 
“ Interest ” ? These tests, flung suddenly at children wrenched from their familiar 
surroundings, hardly to be reassured by “ a reasonably small room,” furnished 
simply with “ a table and two chairs ” (p. 122), lack interest of any sort: mostly, 
they are as flat as ditchwater, monotonous in their avoidance of any effort to gauge 
Etmry or sesthetid power; tedious in their ffiiumal utilitarianism. 
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Finally, if success ever attended the effort to force any considerable part of the 
population through such an examination, there is danger of grave injustice through 
mistakes'; injustice to individuals through which social disturbance might arise. 
England is obviously wearying of officisdism. The establishment of an autocratic 
educational bureaucracy with power to compel an examination of capacity,” and 
to settle individual careers accordingly, might bring disaster reaching far beyond 
the educational worlds That the author might not shrink from such a plan is 
suggested by the book’s distressing lack of humour. For instance, in the melan¬ 
choly satisfaction which escapes round the recital of the life-histories of the 
deplorable “ Kallikak,” “Nam” and “Jukes” Families, it never seems to strike 
him that to embark on life’s voyage with such patronymics is, in itself, no 
negligible handicap. 

Yet teachers may lose something if they leave the book unread. At least, it 
shines in comparison with some of its kind, in containing definite, comprehensible 
matter. It is not, as many are, interminable verbiage wound round shadowy 
hypotheses. Its propositions may be disputable, its mistakes apparent; but it is 
suggestive, even if sometimes only of what not to do. 
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Synopsis of linear Associative Alge'bra. A Report on its Natural Development 
and Results reached up to the Present Time. By James Byrnie Shaw, 
Professor of Mathematics in the James Millikan University, [Pp. 145.} 
(Washington, D.C.; Published by the Carnegie Institution of Washington, 
1907.) 

Although this “Publication No. 78** of the Carnegie Institution was published 
many years ago, it is interesting and important to review and read it at the 
present time, both for its own sake and because it throws light on a recent book 
by Prof. Shaw on the philosophy of mathematics, which is reviewed elsewhere in 
the present number of this Journal. The Synopsis aims to set forth the present 
state of the theory of linear associative algebra, “ not in a comparative study of 
different known algebras, nor in the exhaustive study of any particular algebra, 
but in tracing the general laws of the whole subject” (p. $). In view of the 
historical and critical work referred to on p. 5, no historical review is given in this 
memoir. However, a bibliography to some extent takes the place of a historical 
survey, and the bibliography (pp. 133-145) to this work is long and fairly 
complete. It would have been preferable to refer to some of the numerous papers 
by Grassmann as well as to the two separately-published books of this author; 
there are other relevant papers, and at least one book, by Peano besides those 
mentioned; it would surely have been better to refer more in detail to the papers 
of Hamilton and Sylvester than merely by the words “ numerous papers ”; De 
Morgan’s work ought to have been noticed, and surely Weierstrass did not publish 
a paper in English ! 

Prof, Shaw’s memoir is divided into three parts; “ General Theory,” ** Par¬ 
ticular Algebras,” and “Applications.” In the first part “is given the develop¬ 
ment of the subject from fundamental principles, no use being made of other 
mathematical disciplines, such as bilinear forms, matrices, continuous groups, and 
the like” (p. 5), and the other two Ijnes of development of linear associative 
algebra are then described (cf. p. 6). In the last part there is “a sketch of the 
theory of general algebra, placing linear associative algebra in its genetic relations 
to general linear algebra” (p. 7). Here it is that we meet those views which 
explain the attitude of the author to work on the logical foundations of mathematics, 
“The foundations of mathematics,” we read on p. 75, “consist of two classes of 
things, the elements out of which are built the structures of mathematics, and the 
processes by which they are built. The primary question for the logician is: What 
are the primordial elements of mathematics? ... To the mathematician these 
elements do not convey much information as to the processes of mathematics. 
The life of mathematics is the derivation of one thing from others, the transition 
from data to things that follow according to given processes of transition ” Of 
* course, the logical relations between the entities of mathematics are included 
among what Prof. Shaw calls the “elements’’-^though Prof. Shaw hardly seems 
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to recognise this—and the logician is naturally concerned with mathematics as a 
logical structure. It is no disparagement to him as such—though Prof. Shaw 
seems to think so—^that the psychological incidents of discovery are excluded by 
the logician as irrelevant, for the same reason at bottom as information about the 
diet of mathematicians is excluded from a book on mathematical theory. 

Philip E. B. Jourdain. 


'Empirical Formulas* By Theodore R. Running, Associate Professor of 
Mathematics, University of Michigan. [Pp. 144.] (New York: John 
Wiley & Sons; London: Chapman & Hall, 1917. Price ys. net.) 

This is No, 19 of the Mathematical Monographs edited by Merriman and 
Woodward. “ In the results of most experiments of a quantitative nature, two 
variables occur . . . [such that] on plotting the sets of corresponding values , . . 
the points so located lie approximately on a smooth curve. In obtaining a 
mathematical expression which shall represent the relation between the variables 
so plotted, there may be two distinct objects in view, one being to determine 
the physical law underlying the observed quantities, the other to obtain a simple 
formula, which may or may not have a physical basis, and by which an approxi¬ 
mate value of one variable may be calculated from a given value of the other 
variable. In the first case correctness of form is a necessary consideration. In 
the second correctness of form is generally considered subordinate to simplicity 
and convenience. It is with the latter of these that this volume is mostly 
concerned” (p. 9). The first five chapters are on the simple tests which may be 
applied to a set of data, “ and which will enable us to make a fairly good choice of 
equation” (p. ii), and the calculations of the values? of constants in these empirical 
formulae, and the methods employed, are almost wholly graphical. Chapter VI is 
devoted to the evaluation of the constants in empirical formulae by the method of 
least squares; in Chapter VII formulae for interpolation are developed and their 
applications briefly treated; and Chapter VIII is devoted to approximate formulae 
for areas, volumes, centroids, moments of inertia, and a number of examples are 
given to illustrate their application. 

The purpose of the sixth chapter “is not to develop the method of least 
squares, but only to show how to apply the method to observation equations so as 
to obtain the best values of the constants” (p. 90). We have the theorem (p. 19): 
If two variables, x and are so related that, when values of x are taken in an 
arithmetical series, the nth differences of the corresponding values of y are 
constant, the law connecting the variables is expressed by the equation 
y iss a + dx + cx^ + qx^, A case {yi « 2) of such a relation is. worked 

out (pp. 90-4), so that ten observation equations are found for various 3^% and 
the corresponding ys, from which we have to obtain three equations which will 
yield the most probable values of the three unknowns and c. By the method 
of least squares such a way of combination is known (see p. 97), and there remains 
only the problem of calculation. 

Frankly, it is difficult to see what scientific purpose is served by an investi¬ 
gation of an Cir, J') graph ^hen “simplicity and convenience” are more important 
than “correctness of form” (p. 9): surely the object in all such investigations is to 
find, at least approximately, the form of the functional relation connecting .a: and 
However, this book will undoubtedly be found useful to those confronted with the 
problem of deciding upon a suitable relation between x and y and determining 


the constants* 


Philip E. B. Jourdain. 
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Differential Calculus for Colleges and Secondary Schools. By Charles 
Davison, Sc.D., Mathematical Master at King Edward's High School, 
Birmingham. [Pp. viii+309.] (London : G. Bell & Sons, 1919. Price 6j,) 

This good but somewhat conventional addition to the ** Cambridge Mathematical 
Series ” is divided into two parts, the first dealing with the principles, and the 
second with the applications, of the differential calculus. But the author wisely 
points out (p. v) that he does not suggest that this order should be adhered 
to in reading the book. The first part consists of chapters on the differential 
coefficient, differentiation of certain functions, successive differentiation, the ex¬ 
pression of functions in power-series, and the evaluation of indeterminate forms. 
The second pait deals with maxima and minima, and the usual geometrical 
applications, including singular points and curve-tracing in rectangular and polar 
co-ordinates. A very welcome feature is the suggestion (pp. 246 of essays 
on rather more general aspects of the subject than are included in ordinary 
examination questions. 

In the treatment of Rollers theorem (p. 61), the conclusion that a continuous 
function which is first negative and then positive must pass through the value 
zero for some value of ” relies implicitly on a crude geometrical notion of the 
continuity of a function. It is, of course, important that a student should be 
shown that all concepts in mathematics start from crude notions, but he should 
also be shown that concepts must be distinguished from the crude notions. 

Philip E. B. Jourdain. 


Projective Vector Algebra: an Algebra of Vectors independent of the 
Axioms of Congruence and of Parallels. By L. Silberstein, Ph.D., 
Lecturer in Mathematical Physics at the University of Rome, [Pp. 
viii -1- 78.] (London : G. Bell & Sons, 1919. Price 7.L 6 d net.) 

This very original little book was at first intended as a paper, and its purpose 
is to construct, by means of the axioms of connexion and of order alone, a very 
simple algebra of vectors that is to embrace only the equality, the addition, and 
hence also the subtraction, of vectors (pp. 1-2). “ There is no essential difficulty 
in introducing also an appropriate vector multiplication of two vectors. This, 
however, besides being superfluous, does not share the remarkable simplicity 
which will be seen to belong to the proposed vector addition, and did not, 
therefore, seem sufficiently interesting to be given in this little book" (p. 2). 
In fact, the whole of projective geometry falls within the scope of an algebra 
in which multiplication is not defined for vectors (p, 38). 

Starling from the postulates given by F. Schur in his Crundlagender Geometric 
of 1909, and the mosti essential Desargues' theorem (pp. 2, 7-8),—-indeed, the 
reader requires hardly anything more than the knowledge of this theorem as a 
consequence of the axioms of order and of coi^nexion (p. 4),—^the addition of 
two coinitial vectors is defined without the concept of ** equality " of vectors being 
introduced (pp. 4-5). With this definition, which depends on two arbitrary 
points on the lines representing vectors, a most valuable extension of the ususd 
definition of addition is obtained; indeed, Dr. Silberstein's definition of vector 
sum ** is manifestly a generalisation of the Euclidean one, and is valid also for 
such spaces in which there are no EucUdean parallels nor even Lobatschevskyan 
parallels or asymptotic lines ” (p. 5), The associative law is then proved (pp. 
6-9), and the sum of collinear vectors defined (pp. 9-^18). The concept of 
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equality” of non-coinitial vectors is explained (pp. 21-27), A® iise of the 
vector algebra described further treated (cf. pp. 37-40). Finally the book contains 
a treatment of vector equations of straight lines and planes (pp. 40-41), some 
Examples (pp. 41-49), a proof of Pascal’s theorem (pp. 49-52), and a treatment 
of ranges and pencils of conics (pp. 52-66). There is an Appendix (pp. 67-76) 
and an Index. 

The author remarks (p. 2) that it will not be necessary to subdivide the 
contents of the book into a formally logical array of numbered definitions, axioms, 
lemmas, theorems, and corollaries, and, from a formal point of view, objections 
might possibly be made to this exposition. But it must be acknowledged that 
of late years the tendency to put mathematical work into formal shape succeeded 
in hiding under a cloak of pedantry the essential nature of any advances that 
may have been made by the symbolists. This is one of the many points for 
which all mathematicians will value Dr. Silberstein’s excellent and stimulating 
work. 

In conclusion, it may be mentioned that the promise made in the note on 
p. 2 has been fulfilled in Dr. Silberstein’s “ Further Contributions to Non-Metrical 
Vector Algebra” in the Philosophical Magazine for July 1919. 

Philip E. B. Jourdain, 


ASTRONOMY 

Navigation* By Harold Jacoby, Rutherford Professor of Astronomy in 
Columbia University. Second Edition. [Pp. xi+ 350, with 22 figures.] 
(New York : The Macmillan Company, 1918. Price iis. 6d, net.) 

The study of navigation received a tremendous impetus in the United States, 
after their entry into the war, and many professional astronomers were employed 
instructing officers for the mercantile marine. The volume under review, the 
first edition of which appeared in 1917, is an outcome of this development. It is 
an admirable little volume, written with remarkable clearness, and with a full 
explanation of the practical methods. Formal mathematical or astronomical 
knowledge is not assumed, and though some readers may object to the quoting 
in the text, without proof, of various formulas, those who have mathematical 
ability can either prove the formulae for themselves or find proofs in the usual 
textbooks- That a second edition is ^already called for shows that the volume has 
met a real need. The contents include an account of methods of dead reckoning 
without and with logaiithms, descriptions of the compass and sextant, details of 
coastwise navigation, an explanation of the pages of the Nautical Almanac, and a 
very lucid account, first of the methods of the older navigation (by noon-sights , 
and time*sights), and then of the methods of the newer navigation (by the Sumner- 
line, including Saint Hilaire’s improvement). The latter possesses an enormous 
advantage over the older methods, yet the writer was surprised to learn recently 
that on somd,‘al any rate, of the largest vessels in the British Mercantile Marine, 
the old 4 time-sight and noon-sight methods are still employed. This volume can 
be thoroughly recommended to those who desire a clear exposition of the new 
methods. The final chapter is entitled, “A Navigator’s Day at Sea,” and gives an 
account of an imaginary voyage from New York to Colon with all the observations 
made en route worked out in detail 

At the end of the volume are given certain (abridged) nautical tables with a 
view to making the volume complete in itself so that with its aid a vessel co^d 
be navigated without other books or tabular works excepting only the Nautical 
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Almanac. An appendix on Compass Adjusting has been added to this (second) 
edition. 

II. S. J. 

* 

Textbook on Practical Astronomy. By George L. Hosmkr, Associate Pro¬ 
fessor of Topographical Engineering, Massachusetts Institute of Technology. 
Second Edition. [Pp. ix-1-205, with 78 figures.] (New York: John 
Wiley & Sons; London ; Chapman & Hall, 1917. 'Prlco gs. 6(f. net.) 

The first edition of this work appeared in 1910, the purpose of the author being 
to meet the needs of students of civil engineering, who have not sufficient time 
to devote to the advanced study of astronomy, but who require more than the 
short chapter usually given in textbooks on surveying. The book therefore deals 
mainly with the class of observations which can be made with surveying instru¬ 
ments, and the author has wisely omitted reference to those requirements which, 
though of vital importance in precise astronomy, are beyond the accuracy of an 
engineer's observations, and would only tend to confuse the student. 

The author has kept the requirements of such students well before him, and 
the elementary principles are explained in great detail and with numerous 
diagrams ; in particular, the methods of measuring time, which are frequently so 
confusing to beginners, are clearly and carefully explained. The use of the 
Nautical Almanac and star catalogues are dealt with. The corrections to observed 
altitudes on account of the earth’s figure, parallax, refraction, dip, etc., are explained 
with examples. Descriptions of the principal observing instruments—transit, 
sextant, chronograph—^are given. A short chapter on the Constellations is included, 
and the remainder of the text contains a selection of the most suitable methods of 
observing latitudes, time, longitudes, azimuths, and positions at sea. Several 
useful tables are given at the end of the volume, including tables for computing 
the azimuth of Polaris at any hour angle (furnished by the U.S. Coast and 
Geodetic Survey). The volume contains throughout the text numerous examples 
worked out in detail to illustrate the principles, and other examples arc given for 
the student to solve for himself. The volume is therefore eminently suitable for 
the student who is pursuing a course of study on his own. A short appendix on 
the tides has been added. 

11 . S. J. 


PBTSIOS 

Electrical Phenomena in Parallel Conductors; VoL I, Elements of Trans¬ 
mission. By F. E. Pernot, Ph.D,, Assoc. Member A,I.E,E. [Pp. xii f 
332, with 83 diagrams,] (New York; John Wiley & Sons, Inc., 1918* 
Price i8r. 6 d. net.) 

Some thirty years ago, when the problem of the transmission of electric dis¬ 
turbances along wires was first solved by Heaviside, the solution was found so 
difficult that the engineer had to neglect it. Later on, when our own Post Office and 
the late National Telephone Company were forced to consider the solutions for the 
case of long-distance telephony, simpler methods were devised of discussing 
the problem, and tables of hyperbolic functions were specially constructed to 
obviate the labour of computation. In this book the author discusses the problem 
mainly from the point of view of the power engineer. He points out that, now 
elaborate tables of the hyperbolic functions are available, it is unnecessary to use 
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the approximate solutions so frequently employed by the practical engineer. He 
proves that in many cases the exact solution can be obtained with less labour than 
that entailed in using the approximate solutions. 

This book should be i*ead as a sequel to the usual^ elementary mathematical 
treatises on the subject—for instance, the introductions to the theory by Fleming 
or Kennelly. It is not suitable for the student who approaches the problem for 
the first time. 

In the first two chapters “direct current” lines having leakage are discussed, 
the solutions being given in terms of hyperbolic functions. They thus form 
an excellent introduction to the more difficult alternating current case. In 
Chapter III a most excellent discussion, although somewhat difficult to follow, is 
given of practical harmonic analysis. The author has a thorough grasp of the 
problem. He contemplates measuring 72 ordinates per wave length, and gives 
forms to facilitate the calculation. The calculations indicated, however, strike us as 
being laborious, and, noticing that in practice there are unavoidable errors made, 
both in drawing the curve and in measuring the lengths of the ordinates, we think 
that simpler formulae would suffice. It has to be remembered also that an infinite 
number of curves can be drawn through the extremities of the 72 ordinates, and 
that the method makes the harmonics of low order have the same value for all 
these curves—a result which seems improbable. The author recognises this, and 
says his analysis will give the “simplest” curve drawn through the points. 
Opinions may differ as to what the simplest curve is. We think mathematicians 
would say that the curve whose equation was— 

y = «o + <31 ^ 4- ^2 + . .. + 

was the simplest curve, and this certainly is not the author’s curve. In our opinion 
the proper curve must be computed by the theory of probability, and no one has 
yet done this. 

The concluding chapters give a very thorough discussion of the ordinary 
differential equations, and are excellently illustrated by diagrams. Many 
numerical examples are given which prove that when the problem is attacked in 
the proper way the numerical labour involved need not be excessive. The 
mathematical appendix given has been taken from the Smithsonian Mathematical 
Tables, andi is distinctly helpful. Very complete tables of the logarithms of the 
hyperbolic functions are given, in computing which the author has the help of 
Mr. B. M. Woods. 

Many novel methods are given which will be helpful in practical work—^for 
example, the methods given of constructing voltage regulation curves. No 
attempt has been made to discuss how the “ skin effect ” will modify the solutions 
given, but perhaps this is reserved for a subsequent volume. We have not noticed 
any misprints, and the numerical accuracy of the examples is worthy of com¬ 
mendation. The want of an index takes away from the value of the book. The 
author uses “direct current” and “continuous current” and “arc tan and 
“tan-’-.r” indiscriminately. Engineers have now definitely adopted direct 
current, which is often contracted to d.c. They have long used a.c. for alter¬ 
nating current. 

The book can be recommended to mathematicians interested in this important 
problem, and also to mathematical engineers who have to discuss the long-distance 
transmission of speech or electric power along wires. 

A. RUSSELU 
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The Theory of the Relativity of Motion. By R. C. Tolman, Ph.D. 

[Pp. ix + 225.] (Berkeley : University of California Press, 191S.) 

There are two well-known works in English on the Theory of Relativity (in its 
earlier or “ restricted ” form)—one by Dr. Cunningham and one by Dr. Silberstein. 
Both these works present the theory as it grew historically, and deal with the 
work of Larmor and Lorentz on the modification of Maxwell’s equations of 
the electromagnetic field for moving axes of reference, before passing on to the 
interpretation of the Lorentz transformation first given by Einstein. 

The volume before us abandons the historical method of presentation, except 
or a very brief outline of the historical development of ideas as to the nature of 
the space and time of science, which is given in the first chapter. In Chapter II 
the author considers the two main postulates of the Relativity Theory and the ex¬ 
perimental evidence on which they rest. In the third chapter there is given an 
elementary deduction of a number of the most important consequences of these 
postulates. The mathematics employed in this chapter is of the simplest type; 
yet the reader is enabled thereby to grasp the new and important ideas as to 
measurements of time and space in the moving system, the non-additivity of 
velocities, the variation of mass with velocity, and the practical coalescence of 
mass and energy as different names for the same fundamental entity—in fact, all 
<he startling and apparently paradoxical results of the new non-Newtonian 
medianics. 

Thereafter Dr. Tolman takes up a more analytical treatment of the subject, 
* developing folly the dynamics of particles and rigid bodies, the dynamics of 
4 elastic bodies, of a thermodynamic system and of an electromagnetic system, 
making free use of the principle of Least Action, which is found not to conflict 
’With the requirements of Rejativity Theory. The book concludes with an ex- 
■position of four-dimensional analysis as applied in Relativity problems, making 
tuse, however, of a real time co-ordinate in place of the more usual imaginary 
co-ordinate. 

In plunging straightway into problems of dynamics, Dr. Tolman has reversed 
the order of presentation adopted in tho^earlier treatises referred to above, and in 
the German work of Laue. In them electromagnetic theory receives first 
attention after the development of Einstein’s kinematics, and the dynamics of a 
particle is expounded later on an electromagnetic basis. Also these authors make 
extensive use of quatemionic or four-dimensional vectorial analysis throughout— 
weapons which Dr. Tolman avoids introducing until his last chapter. As to the 
relative values of the two modes ot presentation opinions will differ. Many 
teachers believe that it is of great advantage to a student to approach a new body 
of knowledge by the historical path, and learn how tentative and redundant 
hypotheses were raised only to be dropped and replaced by others of a more 
convenient character as increasing experimental knowledge or better analysis 
required. But it is at least arguable that such a procedure involves a certain 
initial confusion of thought on the part of the student, which is, of course, 
gradually cleared away, as he arrives at the finally-evolved body of consistent 
theory, and that a presentation in the first place of the theory in its final form (to 
be followed by a historical account of its growth) would prove to be a sounder 
method. On that ground, Dr. Telman’s book is heartily to be recommended. 
For most students of Mathematical Physics, Dynamics is a fundamental subject 
on whose principles the interpretation of all physical phenomena must rest, and 
the writer believes that Dr. Tolman’s method is to be preferred—^viz., a clear 
exposition of the manner in which Dynamical principles must be modified in order 
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to accord with the postulates of Relativity, followed by the treatment of electro¬ 
magnetic phenomena. 

The book only deals with the **restricted” Relativity of two systems of 
reference in uniform relative motion. No account is given of the more recent 
generalised form of it as applied by Einstein and others to the problems of 
gravitation. 

J. R. 


CaXSMISTBT 

Sioohemical Catalysis in Life and Industry. Proteolytic Ensymes. By 

Jean Effront. [Pp. xii + 752.] (New York: John Wiley & Sons ; 

London ; Chapman & Hall, 1917. Price 23^. net.) 

This book, which is translated from the French by Samuel C. Prescott, Professor 
of Industrial Microbiology at the Massachusetts Institute of Technology, forms 
in a sense a companion volume to Prof. EffronPs “ Enzymes and Their Applications,” 
which was published several years ago. The present volume opens with an 
introductory chapter on the general properties of colloids and enzymes; the rest 
of the book is divided into six parts, each of which is subdivided into chapters 
or sections according to size. Part I is devoted to coagulating enzymes, and 
contains a comprehensive account of the various views concerning the origin and 
mechanism of the blood-clotting enzyme Thrombin, together with the experimental 
evidence on which these views are based; then follow a couple of pages on 
Myosinase, the name given to the enzyme of somewhat doubtful existence, which, 
according to a few authors, whose views are not universally accepted, is supposed 
to coagulate muscle plasma. Part I is brought to an end by a chapter on Rennet 
extending over some fifty pages, in which are described in some detail the prep¬ 
aration and properties of this enzyme, and the influence upon its action of the 
reaction of the medium. With regard to the question of the identity of different 
rennets, it is shown that the differences in properties of individual samples are 
much influenced by the presence of impurities connected with their source of 
origin; although it is generally held that the various rennets are not identical, 
it is difficult to speak with certainty on this subject while the methods of isolating 
enzymes are so imperfect; even the purest samples are contaminated with other 
substances which may influence their activity favourably or otherwise. 

Part II is devoted to Pepsin; the subject is fully dealt with from the point 
of view both of the conditions under which the enzyme acts and the products 
which it forms. The question as to the possible identity of rennet with pepsin 
is complicated by the fact that the two are always associated with each other; 
the supporters of the view that the two enzymes are in reality one consider that 
the enzyme exerts either a coagulating or a peptonising action according to the 
condition of the medium ; in the author’s opinion the question will not be settled 
until one or other of these enzymes is found occurring alone in a plant, or until 
an antienzyme is prepared by immunisation, which is specific for either rennet or 
pepsin. The second chapter of Part II, entitled “ Reversible Action of Enzymes,” 
has a somewhat incomplete bibliography, with a number of important omissions. 

Part in deals with pancreatic Trypsin and a number of similar enzymes from 
vegetable sources, and also with immunisation and antibodies. 

Parts IV and V are devoted to Erepsin and Amidases respectively; while 
Part VI, occupying about one-quarter of the whole book, gives an account of the 
numerous applications of enzymes to medical science and industry ; this part is. 
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of course, of more general interest. The author points out the probable im¬ 
provement which would result to the baking industry from the use of artificial 
leavens containing, in addition to substances which generate carbon dioxide, some 
suitable proteolytic enzymes, since it would appear that most of the advantage 
observed in the use of compressed yeast over ordinary brewer’s yeast is due to 
the more favourable action on the gluten contained in the flour of the proteolytic 
enzymes in the compressed yeast. 

With regard to brewing, the author holds the view that a more economical 
and nutritive beer should be obtainable by the use of enzymes cultivated on cheaper 
materials than barley malt. As an illustration of the improvement resulting from 
the employment of selected enzymes, the cheese-making industry is cited, in 
which the efforts of scientific workers have ensured more uniform and certain 
results. Among other subjects dealt with are the r 61 e of proteolytic enzymes 
in tanning, in the formation of petroleum, in soil bacteriology, in the recovery of 
nitrogenous waste and in the production of artificial nitrogenous foods, all of which 
provide most interesting reading and much useful information. 

The least satisfactory parts of the book are the bibliographies, which bear traces 
of having been only hastily revised, with the result that many names are misspelt 
and dates and titles of papers are frequently omitted. Apart from these minor 
defects, however, the book may be confidently recommended as a most valuable 
compendium of the subject it deals with. 

P. H. 


BOTAxnr 

Botany of the living Plant. By F. O. Bower, Sc.D., F.R.S., Regius Professor 
of Botany in the University of Glasgow. [Pp. x + 580, with 147 figures.} 
(London : Macmillan & Co., 1919. Price 25^. net.) 

Several excellent inthroductory textbooks of botany have appeared in this 
country in tecent years, and also a number of textbooks written for those pre¬ 
paring for special examinations. Prof. Bower’s book differs from the former in 
being a full presentation of the fundamentals of botany, while it is free from the 
disadvantages of a book written for a special examination. It should be of much 
use to the University student beginning the study of botany, while it is written in 
such plain and simple language that the non-scientific reader who wishes to 
become acquainted with the problems of plant life should find here what he wants. 

The five divisions of the book follow the five main divisions of the plant 
kingdom, commencing with the Angiosperms and concluding with the Thallophyta. 
As might be expected, the morphological aspects of the subject are always 
excellently treated. The treatment of physiological matters, on the other hand, 
often calls for some criticism. Examples may be cited from two chapters. In 
the chapter on the Water-Relation the staining of the walls of the tracheides and 
vessels of the wood by coloured liquids, and the stoppage of the transpiration- 
stream by plugging with gelatine the cavities of the tracheae of a cut shoot, are 
advanced as conclusive evidence that the transpiration-stream takes place throuj^h 
the cavities of the vessels. It only shows, of course, that the ascent of water takes 
place through the vessels and tracheides; it does not eliminate the possibility of 
passage through the walls, as it is these latter which are, of course, stained by 
the dye, while the gelatine used to block the cell cavities may also aflect the 
permeability of the walls. As Dixon has shown, further evidence than this is 
necessary to establish the location of the conducting channels. 
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In the chapter on Nutrition, it is a pity that the only method mentioned for the 
measurement of photosynthesis should be the bubbling method,” for, in spite of 
the obvious usefulness of this method as a demonstration, it is the most unreliable 
of a number of methods which it is possible to employ. The statement (p. 104) 
that the first step in photosynthesis is the breaking-up of the carbon dioxide 
molecule and the separation from it of free oxygen is not founded on any reliable 
experimental evidence ; it is simply a view which forms the basis of one group of 
the hundred and more theories of carbon assimilation. The statement (p. 110) 
that glucose is probably the first product of photosynthesis is also only an 
expression of personal opinion; the experimental evidence on the point is not 
clear, and the conclusions drawn by the experimenters themselves are con¬ 
tradictory. And why does the author say that the process which he calls 
“Photo-Synthesis” (an unusual way of writing the word) was formerly called 
Assimilation ? The two recent workers who between them have been responsible 
for the greater part of the work in this field are F. F. Blackman and R. Willstatter. 
The former uses the term “Vegetable Assimilation” in the general title of all his 
papers, and the latter invariably employs the term “ Kohlensaureassimiiation,” and 
this as recently as last year! And why discard the modern word “ protein ” in 
favour of the obsolescent “ proteid ” ? 

The book contains no more phylogeny than is necessary for a proper appre¬ 
ciation of the problems of the plant, and a minimum amount of chemistry, although 
there is an appendix dealing with vegetable foodstuffs. The absence of chemistry 
is an advantage to the lay reader and to the elementary student who is also an 
elementary student in physics and chemistry, but it should be understood that 
no very deep appreciation of the life of the plant is possible without an adequate 
acquaintance with those fundamental sciences. W. S. 


A Laboratory Guide for General Botany. By C. Stuart Gager, Director of 
the Brooklyn Botanic Garden. [Pp. x + 206.] (Philadelphia; P. Blakiston’s 
Son & Co., second edition, 1919, Price net.) 

This book contains directions for students taking their first course of botany in a 
University. It is divided into two parts—one comprising Anatomy and Physiology, 
the other Morphology and Life History. The directions are rather full, and 
should train the student in powers of observation, and not merely in the acquisition 
of a number of botanical facts. As in the author's Fundamentals of Botany^ the 
fact that the plant is a living organism solving the problems of existence in a 
certain environment is never lost sight of. The book is for thfe reason, and for 
the fullness of the directions, one of the best laboratory guides in general 
botany that has ever appeared, and it is satisfactory that appreciation of it has 
been sufficient to necessitate the appearance of a new edition. 

In the second part of the book, where the morphology and life history of types 
rom different parts of the plant kingdom form the subject of study, more space 
might be given to a consideration of algae. Thus, whereas one brown alga 
(Fucus) and three green algse (Vancheria, Spirogyra^ and Pleurococcus) are 
studied, no less than nine fungal types are dealt with. The reasons for the 
arrangement adopted in this part of the book are not obvious ; for instance, why 
should Pteridophyta follow Fungi, when the first type studied is one of the former ? 
This is, however, a very minor point, for the teacher can vary the order of study 
of the different types without any trouble. 


W. S. 
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The Strawberry ia North America: History, Origin, Botany, and Breeding, 
By S. W. Fletcher, Professor of Horticulture at the Pennsylvania State 
College. [Pp. xiv -f 234.] (New York: The Macmillan Company, 1917. 
Price $1.50.) 

This is an interesting account of the history of the strawberry, especially as it 
concerns North America. The early cultivation of strawberries in gardens led, 
in the first quarter of the nineteenth century, to strawberry-growing on a com¬ 
mercial scale, until to-day the commercial strawberry crop of the United States is 
valued at ;£4,ooo,ooo annually—more than half the strawberry crop of the world. 
The first two chapters give a very adequate account of the rapid development of 
this plant industry in America. The subjects of the next chapter are rather 
mixed—packages, training and pollination are considered mainly from a historical 
standpoint. The fourth chapter is entitled " Origin and Botany.” It illustrates 
well the difiSculty of tracing back to their origin the cultivated races of plants, 
even in the case of a plant whose cultivation is as recent as the strawberry’s. 

The remaining chapters are devoted to the desirable characters in a variety^ 
and to the question of breeding. The book is well written, and contains a number 
of illustrations of different varieties of strawberries as well as of other subjects. 

W. S. 


AfforestatioiL By John Boyd, [Pp. 39.] (London: W. R. Chambers, Ltd,, 
1918. Price IS. net.) 

It is universally admitted that for many years Forestry has received but scant 
attention in the United Kingdom. It was not until the late war that most of us 
began to understand the great importance of timber for every kind of industry, 
and this little book supplies some practical ideas for the re-afiforestation of our 
countrysides. 

In his opening chapter Mr. Boyd points out the neglect into which forestry 
has fallen, and gives a short sketch of the attempts made to induce the Govern¬ 
ment to take an intelligent interest in schemes of re-afibrestation. He goes on 
to give a description of the widespread destruction of woodlands which has been 
going on for several centuries, and he demonstrates the absolute necessity for 
rimber in the majority of our industries. 

The writer shows that the interests of Agriculture and Forestry are in no way 
antagonistic, and he points out that very little agricultural land would be required 
for timber, except for nursery purposes. 

That all harmful ground game, such as hares, rabbits, and deer, should be 
rigorously dealt with he insists upon, and he also advocates the destruction of any 
harmful game-birds, or, at any rate, their restriction within reasonable limits. 

There follow some practical suggestions as to where planting operations should 
commence, as regards altitude, shelter and aspect, and soil quality. The relations 
of the natural herbage to the area of timber which can be grown are also con¬ 
sidered. 

Fmally, there is a list of trees which have come under the writer’s special 
notice. We should have thought that the European larch would do well in Perth¬ 
shire 5 this tree having been introduced there firom the Tyrol in 1738 by Menzies 
of Cnldares. 


C. C. R. 
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A nim al Life and Human Progress. Edited by Arthur Dendy, F.R.S. 

[Pp. vii -h 227, with one plate and several diagrams and illustrations.] 

(London : Constable & Co., Ltd., 1919. Price 10s. 6d, net) 

This book is a collection of nine public lectures delivered at King’s College, 
London, in 1917-18, under the auspices of the Imperial Studies Committee of the 
University of London. Such contributors as Dendy, Bourne, Tate Regan, 
J. Arthur Thomson, Punnet, Herdman, Newstead, Leiper, and Wood-Jones, have 
written articles of first-rate value on a number of different topics, all, however, 
relating to Man and the Animal Kingdom. Dendy gives some account of his late 
work on grain and grain-destroying Coleoptera, and discusses in an attractive way 
the question of Man’s Account with the Lower Animals. Prof. G. C. Bourne 
deals with “Some Educational and Moral Aspects of Zoology” in a characteristic 
and able manner; he points out how the Germans have misinterpreted the message 
of Darwin to mean the promiscuous introduction into ethics of brutal conceptions, 
and of a bellicose application of the doctrine of the Survival of the Fittest. He 
points out how this had become a cult among ultra-patriqtic Germans, and with 
what result. The next essay is that of Tate Regan, and treats of Museums, Fish- 
glue, and Research. Prof. J. Arthur Thomson writes on “ Man and the Web of 
Life,” the “Web” being the “external systematisation of interrelations,” social 
and otherwise, of man and his neighbour. Prof. Wood-Jones writes a deeply in¬ 
teresting article on the “Origin of Man.” He vigorously attacks the old school 
of thought that directly associated man’s uprising and origin with that of the apes. 
He considers Man arose not on a direct line or single common stem from the apes, 
but that “ Man is no new-begot child of the ape, bred of a struggle for existence 
upon brutish lines, nor should the belief that such is his origin, oft dinned into his 
ears by scientists, influence his conduct. Were he to regard himself as an ex¬ 
tremely ancient type, distinguished chiefly by the qualities of his mind, and to look 
upon the existing primates as the failures of his Ime, as his misguided and brurish 
collaterals, rather than as his ancestors, I think it would be something gained for 
the ethical outlook of Homo.” In the following essays, Dr. Leiper, whose brilliant 
work on the Bilharzia worm in Egypt has left that country and mankind under a 
debt to him, Prof. Punnett, Prof. Newstead, and Prof. Herdman discuss matters 
in which they are specially interested. This book is an excellent collection of 
essays, and makes interesting reading. 

J. BRONTi Gx\TENBY. 


Jungle Peace. By William Beebe, Curator of Birds, New York Zoological 
Park, and Director of Tropical Research Station. [Pp. 295, with 16 
illustrations from photographs.] (London: Witherby, 1919. Price 8 j. net.) 

To those who have never visited jungles, Mr. Beebe’s title must sound strange, for 
in two words it shatters one’s entire conceptions of these haunts of strange and 
dangerous animals. The mind naturally jumps to those time-honoured accounts 
which dwell with emphatic persistency on the tortures of rouge^ tick, ant, and 
innumerable hordes of other deadly insects; or on the dangers of tarantula, 
vampire, and that most poisonous of snakes, the bushmaster; or, again, on the 
sudden death awaiting one in silence at the jaws of the jaguar or alligator; and 
when one recalls the suicide of Dr. Appim, but sixty years ago—for fear of a 
less pleasant death at the hands of Indians—-in the very district with which 
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Mr. Beebe’s book is concerned, one can be forgiven for expressing surprise at its 
title. And yet, long before one has read from cover to cover, one feels that the 
author is right. There is peace, and a very real peace, in the jungle. 

The volume is an account of Mr. Beebe’s rest-cure after a period of active 
service with the Flying Corps, and is well printed and illustrated. The opening 
chapters deal in an interesting way with the voyage out. It is no commonplace 
account, for it describes some unusual achievements in the matter of handling the 
captain of the ship and getting permission to do many curious things that no one 
but an ardent and daring naturiist would conceive. 

But the charm of the book lies in the description of the jungle. The chapter 
on the Hoatzin has already and but recently been published in Mr. Beebe’s more 
technical account of his work in British Guiana, and might well have been 
omitted, for it is not quite in keeping with the rest of the book. The bird is, 
however, so unique that its life-story will no doubt prove of interest to the general 
reader for whom the book is intended. 

The harmless habits of the vampire; the encounter with army ants; the 
catching alive of the venomous bushmaster; the hunt by night with an Indian as 
sole companion—are some of the delightful stories contained in the volume, which 
bring home the truth of its title. After all these years of war, the book, well and 
vividly written, is a delight to read, and leaves one with the happy impression that 
somewhere, though it be in the wilds of British Guiana, there is Peace. 

Wm. Rowan. 


A Practical Handbook of British Birds. Editor: H. F. Withbrbv, F.Z.S., 
M.B.O.U. Authors of the various sections: Ernst Hartert, Annie 
C. Jackson, Rev. F. C, R. Jourdain, C. Oldham, Norman F. Tice- 
HURST, and the Editor. [Parts I and II. Pp. xvi + 128, with 5 plates 
and numerous text figures.] (London: Witherby, 1919. To be published 
in 18 parts at 45*. net per part.) 

It requires a bold and enterprising publisher to add a new book on British Birds 
to the very large number already written on that subject. The book itself requires 
not merely to differ from previous ones to arouse any interest, but to be an 
improvement on them. With Mr. Witherby himself as editor and part-author, 
he has seen to it that the book fulfils both these requirements. The book will be 
an invaluable addition to the library of every British ornithologist. 

The book is based on A Hand-List of British Birds (Witherby), published in 
1913—all the authors of that volume contributing to the present one. In addition. 
Miss Annie Jackson, whose research work on the plumages of ducks is well 
known, contributes. Also Mr. C. Oldham, than whom there is no man in England 
to-day more fitted to deal with the subject of the characters of birds in the field. 
T(f the lover of living birds his paragraphs will be very welcome, and in them 
alone the book has achieved something fresh. 

Based on the Hand-List (some of the paragraphs are mere reprints), the same 
criticisms are applicable in regard to certain sub-species. The strict adherence to 
the International rules of nomenclature is here for once observed, so that we are 
worried with no Nomina conservanda^ which involve a quite impossible attitude to 
the progress of science. 

The “Key” to the orders, genera, etc., somewhat on the lines of some 
American books, is a useful innovation. There is also a good glossary of bird 
terms. Both of these will be much appreciated by beginners. 
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The main feature of the book, however, lies in the descriptions of the birds* 
Here for the first time we find complete accounts of British Birds in all their 
various plumages from nestling to adult—an enormous undertaking. There are, 
unfortunately, several gaps due to lack of material. The brief descriptions of 
closely-related sub-species not on the British list are provided for the benefit 
of travellers to the Continent. 

The colour-plates are accurate and well printed and the text figures are good. 
It seems a pity that a plate such as Plate 3, representing five species of Redpoll, 
should be printed in black and white, in which form it is almost valueless; 
while Plate 4, depicting young and adult Crossbills—often before figured—should 
be honoured with colours. This plate is, moreover, done in the coloured-drawing 
style, reminiscent of old-fashioned German natural history illustrations, and in no 
way improves the present volume. 

The book is written in short and pithy sentences for the economising of space. 
As it is, the two volumes into which it is proposed to compress the eighteen parts 
will be ponderous enough. Three volumes, proportionately thinner, would appear 
to us to be handier. 

The editor claims, in the introduction, to be supplying some long-felt wants in 
British Bird literature. In conclusion we can only say that his claim is justified. 

Wm. Rowan. 


Class Book of Economic Entomology, with Special Reference to the Economic 
Insects of the Northern United States and Canada. By William 
Lockhead, B.A., M.S. [Pp. xiv + 436, with a frontispiece and 257 illus¬ 
trations.] (Philadelphia: P. Blakiston's Son & Co., 1919. Price $2.50 net.) 

Economic entomology is a phase of the study of Insects that has come into 
considerable prominence of late years. The more intense the exploitation of the 
plant resources of a country becomes, the more evident it is that in agriculture, 
horticulture, and forestry, more and more attention must be paid to the relations of 
Insects and plants. The word Insects here needs a note of explanation, for those 
included in the present volume, Wood Lice, Mites, Centipedes, Slugs, and Eel- 
worms, are surely inclusive enough to satisfy the most rapacious entomologist. It 
would be pedantic to quibble over that, however, for nine-tenths of the pests are 
true Hexapods, and the relations of these other forms to plants, the methods of 
combating them, etc., are similar to those of the true Insects. 

The book is divided into four sections, the first treating of the anatomy, 
morphology, life cycle, and economics of insects in general; the second takes the 
common crops and plants, describes the disease, and indicates the insect re¬ 
sponsible ; the third treats of the classification, description, and identification of 
common insects ; and the fourth deals with the methods of controlling them. 

As the author points out, the book is in the main a compilation from numerous 
sources, as such a book must of necessity be, but it is none the less a valuable and 
useful piece of work. The cross-references, the references to the sources of 
information, glossary, index, to say nothing of the illustrations, will make it 
invaluable in all courses on entomology in the area with which it deals. 

The book will save teachers and scholars much time, and the author well 
merits their thanks. 


C. H. 0 »D. 
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Field Book of Insects : with Special Reference to those of the North-Eastern 
United States, aiming to answer Common Questions. By Frank E. Lutz, 
Ph.D. [Pp. X + 509, with about 800 illustrations—many in colours.] 
(New York and London : G. P. Putnam’s Sons, 1918. Price $2.50 net.) 

When one considers that it has been estimated that about 15,000 insects are to 
be found within a radius of about fifty miles of New York, one cannot avoid 
admiring the intrepidity of an author who endeavours to deal with the insects of the 
North-Eastern United States in a book of reasonable size. Yet here we have 
a volume of 500 pages, that can easily be slipped into the coat pocket, in which this 
vast ground has been covered in an amazingly successful manner. Not merely 
is a very well illustrated key to all the most important genera provided, but a 
most useful introduction on the general structure of insects, methods of collecting 
and preserving, and a comprehensive index also included. 

The soundness of Dr. Lutz’s work on the insects and his wide experience are 
matters of general knowledge. When to this is added a breezy, clear and concise 
way of handling the subject, the result is, of course, a book that is indispensable to 
anyone starting out to collect insects in North-Eastern America, and it is assured 
of a wide circulation. 

While its appeal is particularly to collectors in that region, it will serve as a 
useful model of the way things should be done elsewhere. We only wish we had 
had the fortune to come across such a volume when starting off “bug-hunting.” 


The Monograph of the Land and Freshwater Mollusca of the British Isles^ 
By John W. Taylor, M.Sc., F.L.S. (Leeds: Taylor Bros,, 1900. 
Vols. I, II, III, published, Vol. IV in course of publication. Price £% zr. 
net per volume.) 

The title of this work is sufficiently indicative of its contents to need no further 
expansion. It is indeed worthy of the name of Monograph, for each species is 
treated in a very fuU manner from the anatomical, bionomic, distributional, 
palseontological and systemic points of view. All the species are dealt with from 
every possible point of view, and so fully that the work will undoubtedly be 
invaluable as a work of reference to all malacologists. If anything calls for 
special notice in this fine work, it is, perhaps, the illustrations, which merit special 
praise. The subjects illustrated are very accurately drawn and the plates well 
reproduced. Not only are there a large number of text figures, but the vignettes 
of people historically connected with various groups and sketches of characteristic 
localities add much to the charm of the book. Few works of this type are 
written nowadays, and it represents an enormous amount of careful and studious 
work. It is an excellent volume that will firmly establish the author’s reputation 
for exactness and scholarship. 

C. H. O’D. 


Spencer Fullerton Baird, a Biography including Selections from Ms Cor* 
respondence with Audubon, .^assiz, Dana and Others. By W. H. 
Dall, A.M., D.Sc. [Pp, xvi -h 462, with 19 illustrations.] (Philadelphia 
and London : J. B. Lippincott Co., 1915. Price $3.50 net) 

Although somewhat late, this volume has only just come to my hands for 
review, and I have read it with much pleasure, Baird was, of course, known 
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widely to the scientific world as the assistant secretary, and later secretary, of the 
Smithsonian Institute, and also for his connexion with the United States Com¬ 
mission of Fish and Fisheries, as well as for his numerous contributions to the 
Fauna of North America, What is perhaps not quite as well known or perhaps 
so fully recognised is the enormous amount of work he did and\the great influence 
he had upon the development of biological sciences m North America. With the 
exception of Agassiz, no man had a wider influence or left aiimore enduring mark 
upon subsequent work. 

With a thorough scientific training and an extensive zoological knowledge, he 
united a business capacity of quite an exceptional kind—a rare combination. He 
seemed equally well at home in the consideration of general principles and of 
small details. Through his organising ability and power of infecting others with 
his own enthusiasm he was able to inspire collectors, and was responsible for the 
sending out of a large number of expeditions. 

He will be gratefully remembered by zoologists the world over for initiating at 
the Smithsonian Institute a policy of generosity in the distribution of literature 
that has characterised it, and the various other publishing organisations subse 
quently established in the United States, and one that might be adopted with 
considerable advantage by the public institutions in Great Britain. Not alone 
was he in the secretariat of the Smithsonian Institute, a task in itself sufficient for 
any man, but for years he was responsible for the Fish and Fisheries Commission 
which he was instrumental in founding, including the Biological Laboratory at 
Wood’s Hole. This was done not merely at the expense of his time and energy,, 
but it also was a very serious drain upon his none too ample income. Lastly, he 
was responsible for the formation of the National Museum, and the collections he 
had gathered together constituted the basis upon which it was built up. 

When he took up biology in the United States, it was in a very poor way, yet 
he left his country about the best organised in the world for biological inquiry 
and research. 

This volume'is a readable account of the activities of a great man who was 
actuated by a love of science, and a desire to do his utmost for it and his country. 
It does this mainly by selections from his vast correspondence, and forms a 
welcome addition to any biological or natural history library. 

C. H. O’D. 


VXSCEXiIiAJlliOtrS 

The Principles of Electric Wave Telegraphy and Telephony. By J. A. 
Fleming, M.A., D.Sc., F.R.S. Fourth Edition. [Pp. xv + 707, with 7 
plates and 457 illustrations.] (London: Longmans, Green & Co., 1919. 
Price 42J. net.) 

This new edition of Prof. Fleming’s well-known book is an amplified reprint of 
the third edition published four years ago. The book retains the same character 
as the previous editions; it is a scientific survey of the whole field of wireless 
telegraphy and telephony rather than a handbook of apparatus; as the author says 
in the Preface, it deals with principles rather than descriptions. The most 
interesting additions to the new volume are those describing the improvements 
that have been made in the Thermionic Valve. This valve, wHch is based on 
Fleming’s two electrode valve detectors, is proving, in radiotelegraphy, to be one of 
the greatest discoveries that has yet been made. By means of it, radiotelephony 
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has become comparatively easy; the generation of a continuous stream of high- 
frequency oscillations by a pliotron can be effected as easily as the switching on 
of an electric lamp. The chapter on Radiotelephony in this edition is greatly 
extended; but when all that has been done in Continuous Wave Telegraphy 
and Telephony during the last four years is published, it will be necessary for 
Prof. Fleming to amplify it still further. This book should be on the shelves of 
all who conduct scientific work in Wireless Telegraphy ; it is an invaluable and 
reliable work of reference for the expert, as well as a sound and trustworthy text¬ 
book for the student. Wireless telegraphy and telephony have progressed in an 
altogether remarkable way during the last few years, and it is difficult to keep up 
with all the most recent developments. Prof. Fleming’s book, however, enables 
this to be done—^it contains nearly everything a wireless telegraphist wants to 
know. 


The Adventure of Life. By Robert W. Mackenna, M.A., M.D. 

[Pp. xiii -I- 306.] (London : John Murray, 1919. Price 6^. net.) 

This is a work of popular philosophy, in which Dr. Mackenna reviews the 
problems of life and death in a simple manner that can be understood and 
appreciated by anyone. He clearly owes little to any previous writers, but has 
evolved his theories from his own head while engaged on active service in France. 
Herein lies both the strength and the weakness of his work. Its strength is in 
its freshness and honesty of style and presentation. Its weakness is in a lack of 
depth and of knowledge; for he often does not understand the theories which he 
attacks, and he produces other very ancient theories as though they were new— 
theories long ago discarded or revised by their protagonists. The main doctrine 
at the back of the book appears to be that all Nature is guided by intelligence, 
working towards a purpose of beneficent character. Thus, he attacks the 
mechanistic tendencies of physiology, without apparent knowledge of the argu¬ 
ments on either side, but because it is opposed to his innate way of thought. His 
theory requires him to show that pain is advantageous to humanity; and he does 
not shrink from tormenting his facts till they are forced into this Procrustean bed. 
The pains of childbirth, for instance, may be for the purpose of strengthening 
maternal love, which '‘receives a sacramental grace from suffering.” In short, his 
theory involves him in the belief in a beneficent utility of all things; yet he 
offers no evidence for such an opinion. The expression of a popular theory with 
force and conviction doubtless carries with many readers greater weight than a 
reasoned argument. Whereas the general public will probably find in this book 
a suitable expression of their normal beliefs, it cannot honestly be said that the 
man of science will find in it anything that concerns him. 


Hugh Elliot. 
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Scientific Circulating Libriry” should read “ X 2 s* 6 d. net, and 6 a net to subscribers,’* 
instead of 12s, 6 d. net to subscribers,” 
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PXTRE lKCATHIi!&(CATIOS. By Dorothy Wrinch, University College, 
London. 

G. W. Smith, American Journal of Alath., xli. (1919), pp. 143- 
164, discusses nilpotent algebras generated by two units : the 
paper is based on the researches of Shaw, Trans. American 
Math. Soc., iv (x903)> pp- 251-287, 405-422. 

H, Holden, Messenger, xlviii (1919), pp- 77-87, discusses 
a diophantine problem in three unknowns. 

G. Humbert, Comptes Rendus, 168 (1919), pp. 917-923, 969- 
975, investigates the measure of classes of positive ternary 
quadratic forms with a given determinant. His results are 
extensions -of the classical formulae due to Eisenstein and 

H. J. S. Smith; the same author studies the measure of 
Hermitian forms, pp. 1240-1246, aind Hermitian forms in 
a quadratic imaginary field, ibid., 169 (1919), pp. 360-365, 407- 

414- 

J. E. McAtee, American Journal of Math., xli (1919), pp. 
225-272, discusses modular invariants of a quadratic form for 
a prime power modulus ; the first part of the paper is am 
extension of L. E. Dickson’s researches, Trans. American Math. 
Soc., X (i 909 )_> P- 123, when the modulus is prime ; the second 
pairt is occupied with the polynomial modular invariants of a 
binary form. 

O. E. Glenn, Trans. Amer. Math. Soc., xx (1919), pp. 154— 
168, investigates certain modular concomitant scales of the 
binary quadratic ; the same author, ibid., pp. 203-212, investi¬ 
gates a new treatment of theorems of finiteness of algebraic 
invariant systems. 

A. Lodge, Messenger, xlviii (1918), pp. 101-107, discusses 
the connexion between the cross ratio of the roots of a quartic 
and the roots of its reducing cubic. 

G. A. Miller, Trans. Amer. Math. Soc., xx (1919), pp. 260- 
270, investigates the properties of groups which possess a small 
number of conjugate operators ; the same author, Buil. Amer. 
Math. Soc., XXV (1919), pp. 408-413, ihvestigates groups con¬ 
taining operators of order two. 

G. Giraud, Comptes Rendus, 169 (1919)1 PP- I3i-i34i in- 
24 ■ * -361 
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vestigates the classification of the substitutions of certain 
automorphic groups in invariables. 

W. A. Mannhig, Trans. Amer. Math. Soc., xx (1919), pp. 
66-78, continues his researches on the order of primitive groups. 

N. Kryloff, ComptesRmdus, 168 (1919), PP* 72 i- 723 f investi¬ 
gates approximation formulae based on generalisations of the 
theory of mechanical quadratures. 


R. L. Moore, Trans. Amer. Math. Soc., xx (1919)/ PP* 169- 
178, discusses a set of postulates for plaine ainalysis situs. 

S. Lepschetz, Comptes Rendus, 168 (i9i9j> PP* 672-674, 
discusses the analysis situs of ailgebraic varieties in «-dimen- 
sional space ; and in a subsequent note (pp. 758-761) he ex¬ 
amines Abelian varieties. 

E. Bortl,ComptesRendiis, 168 (i9i9),pp. 1178-1150,discusses 
the use of decimals to illustrate theorems in the theory of 
sets, and, in particular, in the theory of sets of zero measure. 

W. H. Young, Proc. Royal Soc., xcvi (a), (i 9 I 9 )> PP* 7i“8i, 
makes an important contribution to the theory of the area of 
surfaces ; after criticising the classical theory and the work 
of Lebesgue, Peano and Minkowski, the author formulates a 
theory wmich appears free from objection; he gives a defini¬ 
tion of the area of a surface which leads to a formula involving 
a double integral, and proves that the area, so defined, exists 
if the partial derivates' of the co-ordinates with respect to the 
parametric variables are bounded functions of the parametric 
variables. 

E. W. Chittenden, Trans. Amer. Math. Soc., xx (1919), pp. 
179-184, continues his researches on the convergence of sequences 
of functions, ihid., xv (1914), by examining limit functions of 
sequences'which convei^e ‘ relatively uniformly.’ The same 
author with A. D. Pitcher, Hid., 213-233, discusses the theory 
of developments of an abstract class in relation to the Calcul 
fonctionnel of Frdchet. 

G. T'vSxtepdholz, Quarterly Journal, xlviii (1918), pp. 142—147, 
discusses conditions under which an integral may be differ¬ 
entiated with respect to a parameter under the integral sign. 
The integrals considered are defined in accordance either 
with Riemann’s or de La Valine Poussin’s or Lebesgue’s defini¬ 
tion, and conditions for the validity of Leibniz’ theorem more 
general than those previously given by the author and by 
G. H. Hardy are obtained. 

H. Blumberg, Trans. Amer. Math. Soc., xx (1919), pp. 40-44, 

extends the concept of ‘ convex functions ’ of a real variable 
to that of convex functions of n real variables. , 

P. L6vy, Comptes Rendus, X69 (1919), pp. i7S-377, studies 
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the concept, due to Ri Gateaux, of mean value in a functional 
domain. 

W. H. Young, Proc. Royal Soc., xcvi (a), (1919), pp. 82-91, 
mvestigates formulae for the change of independent variables 
in a multiple integral. 

A. Buhl, Comptes Rendus, 168 (1919), pp. 504-506, discusses 
the interchange of parameter and argument of certain alge¬ 
braic integrals. 

P. Faton, Comptes Rendus, 168 (1919), pp. 501-502, criticises 
a recent note by A. Denjoy {ibid., p. 387) on lines of singularities 
of analytic functions, pointing out that Denjoy’s results are 
but slight generalisations of previously known theorems. 
Denjoy subsequently {ibid., pp. 848-851) applies his results to 
the evaluation of definite integrals. 

Carleman, Comptes Rendus, 168 (1919), pp. 843-845, gives an 
elementary proof of a theorem proved by Koeble in 1906, 
that ‘ Every function establishing a conformal representation 
between two domains, each bounded by a finite number of 
circles (one of which includes all the others which are mutually 
exclusive) is a linear function.’ An extension is made to the 
case in which the boundaries are ‘ simple curves.’ 

A. Denjoy, Comptes Rendus, i6g (1919), pp. 219-221, 
examines the connexion between Riemann integration and 
Lebesgue integration. 

G. H- Hardy and J. E. Littlewood, Proc. London Math. 
Soc. (2), xviii (1919), pp. 205—235, discuss the most far-reaching 
generalisation of Tauber’s theorem, the converse of Abel’s well- 
known theorem concerning the continuity of a power series 
along a radius up to its circle of convergence. 

G. H. Hardy, Messenger, xlviii (1918), pp. 107-112, gives the 
first elementary proof of a theorem due to Hilbert that, when 
a, is positive, the convergence of the series entails the 
convergence of the double series SSa,»a„ {m -|-«). 

J. W. Hopkins, Trans. Amer. Math. Soc., xx (1919), pp. 
245-259, investigates convergent developments associated with 
irregular boundary conditions ; the function satisfying the 
assigned boundary conditions is a solution of a certain Knear 
differential equation of the third order, and the anal3|fsis is 
based on Birkhoff’s discussion, ibid., ix (1908). 

G. R6moundos, Comptes Rendus, 168 (i9i9)> pp* 1265-1268, 
discusses the summability of as3rmptotic solutions of linear 
differential equations of the fiirst order, and establishes results 
left unproved by Borel in his well-known Leqons sur les sines 
divergentes. 

G. Julia, Comptes Rendus, 168 (1919), pp. 502—504, states a 
general property of integral functions which is associated 
with Picard’s theorem, that the function assumes all finite values 
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(save one) in the neighbourhood of its singular point. Julia 
shews that the function assumes all finite values (save one) 
in a certain restricted neighbourhood of the singular point. 
Sequels to the paper appear on pp. 598-600, 718-720, 812-814, 
882-884, 990-992, 1087-1089. 

W. H. Young, Proc. London Math. Soc. (2), xviii (1919), 
pp. 163-200, makes important contributions to the theory of 
Bessel series, XAJJJk^), where the numbers are the roots 
of the equation kj'„{k) + HJJ[k) = o. These series, which 
are of considerable importance in various branches of mathe¬ 
matical physics, have been investigated by Fourier, Hankel, 
Harnack, Dini and Hobson, the first reliable results being due 
to Dini. The analj^is and results obtained by Prof. Young 
are on lines quite different from those of previous writers. 

W. H. Young, Proc. London Math. Soc., (2) xviii (1919), pp. 
141-162, investigates the theory of Legendre series, ; 

by a powerful method based on the introduction of “ Re¬ 
stricted Fourier Series,” the author makes the whole fabric 
of the theory of Legendre series repose on the theory of 
Fourier series. 

•J. R. Airey, Proc. Royal Soc., xcvi (a), (1919), ijp. 1-8, gives 
some approximate formulae for Legendre functions of high 
order, which are extensions of approximations due to H. M. 
Macdonald and the late Lord Rayleigh. The paper contains 
a table from which P„ {cos 6) may be calculated to six places 
of decim^, when n exceeds 20, for each degree of the quadrant. 
The familiar P, (cos d) is partially replaced in this paper by 
the notation P, {&). 

Defoumeaux, Compies Rendus, 168 (1919), pp. 880-882, 969- 
975, investigates properties of electro-spherical polynomials; 
an example of such a polynomial is 2 cos n 6 qua function of 
2 cos p. 

E. Kogbetliantz, Compies Rendus, 169(1919), pp. 226-228, 
investigates an integral, considered by Angelesco in a Paris 
thesis 1916. The integral is a generalisation of the integral 
obtained by Poisson’s method of discussing Fourier series. 

E. Kogbetliantz, Comptes Rendus, 168 (1919), pp. 992—994, 
169 (1919), pp. 54 - 57 / 322-324, 423-426, examines Jacobi's 
h3rpergeometric polynomials, and discusses the summability 
of the series obtained by expanding an arbitrary function in a 
series of them. The results resemble those obtained by Chap¬ 
man and others in connexion with the summability of series of 
Legendre polynomials. A paper on the general theory of 
summability by the methods of Riesz (by the same author) 
appears, ibid., 168 (1919)/ PP- 1090-1092, and a note on the 
summability of Fourier series, ibid., pp. 1193—1194. 

E. A. Milne, Messenger, xlviii (1919), pp. 153-159, obtains a 
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number of results concerning expansions of polynomials, by 
an application of the calculus of Residues ; though the results 
could be built up by elementary methods, they are suggested^ 
directly only by Cauchy’s calculus. 

N. E. Norlund, Comptes Rendus, 169 (1919), pp- 166-68, 
221-223, investigates generalisations of Euler’s pol3momials ; 
the ordinary Eulerian polynomials satisfy a difference equa¬ 
tion resembling that satisfied by the Bernoullian polynomials, 
and the extension effected by Norland consists in the discus¬ 
sion of a polynomial in n variables, satisfying a system of 
such difference equations ; in a subsequent paper {ibid., pp. 
372-375) he studies a single difference equation which is a 
generalisation of the Eulerian equation. 

S. A. Joffe, Quarterly Journal, xlviii (1919), pp. 193-271, 
continues his researches {Quarterly Journal, xlvii) on Eulerian 
numbers ; of these numbers he calculates eighteen more than 
those previously calculated, making fifty in all. 

G. H. Hardy, Messenger, xlviii (1918), pp. 90-100, gives an 
account of some of the fundamental properties of ' Stieltje’s 
integrals.’ 

S. Pollard, Messenger, xlviii (1918), pp. 87-89, gives a new 
and simplified proof of the fundamental exponential inequality 
required to prove the equivalence of the defiinitions of the 
Gamma function as an infinite integral and an infinite pro¬ 
duct. 

L. Bairstow and Arthur Berry, Proc. Royal Soc., xcv (a), 
(1919), pp. 457-475, investigate solutions of Poisson’s and 
Laplace’s equations, with a view to their applications to 
problems of Elasticity and Hydrodynamics ; the functions 
discussed are of the nature of' Green’s functions.’ 

M. Kuniyeda, Quarterly Journal, xlviii (1918), pp. 113-153, 
investigates various special cases of oscillating Dirichlet’s 
integrals which have been untouched by G. H. Hardy in his 
general investigations. Quarterly Journal, xliv (1918). 

G. A. Larew, Trans. Amer. Maih. Soc., xx (1919), pp. 1—22, 
investigates Mayer’s problems in the calculus of variations. 


V. Brun, Contptes Rendus, 168 (1919), pp. 544-546* attacks 
the proof of Goldbach’s theorem that every even number is the 
sum of two primes, with the aid of the sieve of Eratosthenes. 
He obtains some remarkable results, of which imy be stated 

(1) For all sufficiently large numbers n, there existe a number 
between n and n + Vn with not more than 11 prime factors. 

(2) All sufficiently large even numbers are expressible as the 
sum of two numbers with not more than 9 prime factors. 

H, Cram6r, Comptes Rendus, 168 (i 9 i 9 )» PP- 539 -S 4 i> enun- 
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dates an advance on the results already known concerning the 
situation of the zeros of the zeta-function of Riemann, and 
states that it can be proved without employing the celebrated 
“ Riemann hypothesis.” Subsequently pp. 1153-1154) 

he proves a theorem, concerning limits, which is of importance 
in connesdon with the distribution of prime numbers. 

G. H. Hardy, Proc. London Math. Soc. (2), xviii (i9i9)» pp< 
201-204, gives a short supplement to his paper on “ The Aver¬ 
age Order of the Arithmetical Functions P(n) and A («),” ibid., 
(2), XV {1916), pp. 192-213 ; these functions are two functions 
wMch make their appearance in connexion with the investiga¬ 
tion of the number of representations of n as the sum of two 
squares and with the number of didsors of n. 

G. H. Hardy and J. E. Littlewood, Quarterly Journal, xlviii 
(I 9 i 9 )> PP* 272 et seq., give a new solution of Waring’s problem ; 
the assertion made by Waring was that every positive integer 
is expressible as the sum of at most four squares, nine cubes, 
nineteen fourth powers, and so on. The authors give a proof, 
based on the use of Cauchy’s theorem, which has no points of 
contact with the previously known solution, due to D. Hilbert 
Maih. Ann., Ixvii (1909), and subsequently simplified by his 
students. 


A. J. Pell, Trans. Amer. Math. Soc., xx (1919), pp. 23-39, 
discusses linear equations in infinitely many unknowns with 
unsymmetric coeffidents. Such equations include linear in¬ 
tegral equations with unsynunetric nuclei as a special case; 
the present paper contains extensions of the theorems con¬ 
cerning integral equations which have previously been dis¬ 
cussed by the author in 1910-11. 

J. Drach, Comptes Rendus, i68 (1919), 497-Soi, discusses 
the integration by quadratures of a class of differential equa¬ 
tions of the second order. 

P. Boutroux, Comptes Rendus, 168 (1919), pp. 1150-1152, 
discusses definitions of multiform functions, with a view to 
obtaining representations of the totality of their branches 
throughout their domain of existence. Later {ibid., pp. 1307- 
1310) he discusses a particular dass of such functions which are 
inte^als of a differential equation of the first order. 

H. T. H. Piaggio, Phil. Mag. (6), xxxvii (1919), pp. 596- 
600, makes a contribution to the numerical integration of 
differential equations of the first order; his results are an 
extension of those due to Runge, Math. Ann., xlvi (1895), and 
in certain cases are more accurate than approximations pre¬ 
viously given. 

R. Gamier, Comptes Rendus, 169 (1919), pp. 223-225, states 
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some theorems concerning linear differential equations with 
irregular singularities, preparatory to collecting his researches 
in a larger treatise. 

Just as the notion of a derivate of a function suggests that 
of differential equation, so the notion of the saltus function 
(or oscillation function) leads to that of “ saltus equation ” ; 
H. Blumberg, Amer. Joum. of MarfA,, xli (1919), pp. 183—190, 
investigates the complete solutions of a number of such saltus 
equations of various simple types. 

A. L. Nelson, Amer. Joum. of Math., xli (1919), pp. 123-132, 
computes a set of semi-invariants of systems of partial differ¬ 
ential equations ; the results have applications to projective 
differential geometry. 

E. H. Neville, Quarterly Journal, xlviii (1918), pp. 136-141, 
gives proofs of formulae connected with moving axes with 
variable angles ; the formulae have been announced by him 
without proof at the Fifth International Congress in 1912. 

C. D. Rice, Amer. Joum. of Math., xli (1919), pp. 165-182, 
examines the invariants of differential geometry by the use 
of vector forms. The analysis is much more simple and com¬ 
pact than the familiar analysis involving Cartesian co-ordinates, 
which is to be found in Forsyth’s Differential Geometry. 

A. Egnell has examined, in a thesis on Infinitesimal Vec- 
toriad Geometry, asymptotic directions in vectorial fields, 
and has proved that there are, in general, two asymptotic 
directions. He now invest^ates, Comptes Rendus, 168 (1919), 
pp. 1263-265, the exceptional case, pointed out to him by 
C. Guichand, in which the asymptotic directions are deter¬ 
minate. Another solution of Egnell’s problem is given by 
R. Gamier, Comptes Rendus, 169 (1919), pp. 324-326. 

L. Silberstein, PM. Mag., (6), xxxviii (1919), pp. 115-143, 
extends the ideas in his ‘ Projective Vector Algebra ’ (London, 
1919) to the projective definition of the scalar product and the 
vector product of two vectors. 

E. Bompiani, Comptes Rendus, 168 (1919), pp. 7SS-757, in¬ 
vestigates quasi-asymptotic curves on surfaces in «-dimen- 
sional space. His results form a generalisation of Koenig’s 
theorem that the projection on a plane of the asymptotic lines 
of a surface forms a conjugate net with equal invariants. 

W. Sensenig, Amer. Joum. of Math., xli (1919), pp. 111-122, 
contributes to the Invariant Theory of Involutions of Conics 
by deriving in terms of the system of two conics the complete 
simultaneous system of the involution of the pencil of conics 
through their four common points and their harmonic conic; 
the work follows on the researches of Gordan connected with 
invariants of two conics and the researches of Baker and 
Ciamberlini on three conics. 
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L. L. Dines, Tram. Amer. Math. Soc., xx (1919), pp. 45-65, 
discusses projective transformations in function space ; the 
transformations are extensions to infinitely many variables of 
the general projective transformation of n variables. 

F. R. Sharpe and V. Snyder, Tram. Anier. Math. Soc., xx 
(1919), pp. 185-202, discuss various types of involutorial space 
transformations ; the only type which has been systematically 
investigated hitherto is the monoidal type, by Montesano, Jst. 
Lombardi Rend., (2), xxi (1888). 

A memoir by the late G. M. Green {dec. January 24, 1919, 
cet. 27) is published in the Trans. Amer. Math. Soc., xx (1919), 
pp. 79-153, on the general theory of surfaces and rectilinear 
congruences ; among the many advances made by the author 
in the theory of the differential geometry of surfaces from the 
projective aspect may be mentioned his discussion of the pro¬ 
jective substitute for the normal to a surface. 

L. E. J. Brouwer, Comptes Rendns, 168 (1919), pp. 677-678, 
enumerates regular Riemann surfaces of genus unity. In a 
subsequent communication {ibid., pp. 845-848) he enumerates 
the finite groups of topological transformations of the anchor 
ring. A paper to be associated with the latter appears on 
pp. 1042-1044. 

R. L. Hippisley, Proc. London Math. Soc., (2), xviii (1919), 
pp. 136-140, gives a new method of describing a three-bar curve, 
based on the theorem that the pedal triangle of a point on a 
three-bar curve, with reference to the triangle of foci, has the 
property that its vertices are at fixed distances from a variable 
point. 

T. C. Lewis, Messenger, xlviii (1918), pp. 113-128, continues 
his researches on pentaspherical co-ordinates. 

C. H. Sisam, Quarterly Journal,'simn (1918), pp. 104-112, 
discusses the locus formed by the point of concurrence of three 
tangents (with collinear points of contact) to a given algebraic 
curve ; and also the envelope derived from the reciprocal con¬ 
struction. 

C. H. Sisam, Amer. Joum. of Math., xli (1919), pp. 213-224, 
investigates surfaces containing two pencils of cubic curves. 
The paper is a continuation of a former paper {ibid., pp. 49- 
59) on surfaces generated by an algebraic system of cubic 
curves not forming a pencil. 

B. Gambier, Comptes Rendus, 168 (1919), pp. 674—677, 
examines surfaces applicable to a paraboloid of revolution. 

T, Cohen, Amer. Joum. of Math., xli (1919), pp. 191-211, 
gives a number of properties of the plane quartic and various 
derived curves. 

R_. Goojnnaghtigh, Nouv. Ann. de Math., (4), xix, pp. 93- 
III, invest^ates a family of plane curves, defined by a some- 
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what complicated intrinsic equation; the family includes 
numerous well-known curves, notably Ribancour’s curve and 
the sinusoidal spiral. 

A. R. Forsyth, Messenger, (1919), pp. 131-144, dis»- 
cusses the consequences of assuming various laws of facility of 
error. 

A. Guldberg, Comptes Rendus, 168 (1919), pp. 815-817, 
examines Bravais’ law of error; Bravais established the law 
for spaces of three and four dimensions, but was unable to 
extend it; but Guldberg shows that, by his methods, the 
law can be at once extended to w-dimensional space. 

T. J. I’A. Bromwich, Phil. Mag., (6), xxxviii (1919), pp. 
231-235, gives some formulae, derived from Stirling’s formula, 
which have applications to Bernoulli’s theorem in the theory 
of probability. 

J. W. L. Glaisher, Quarterly Journal, xlviii. (1918), pp. 151— 
192, publishes the first of a series of papers on early tables of 
logarithms and the early history of logarithms. The main 
topics of this paper are Napier’s logarithms and the transition 
from them to decimal logarithms. Dr. Glaisher emphasises 
in his introduction the inadequacy and incorrectness of. exist¬ 
ing accounts. 

G. H. Bryan, Math. Gazette, ix(i9i9), pp. 333-352, gives 
very compact four-figure logarithm tables, including logarithm 
tables of the trigonometric functions to every two minutes. 
The tables are free from repetitions frequent in m^t tables, 
and are in that respect superior when space is a consideration ; 
when space is not a consideration the repetitions possibly 
save mental effort when large masses of computations have to 
be performed. 

W. W. Johnson, Messenger, xlviii (1919), pp. i4S“IS3j gives 
an historical account of Napier’s * circular parts ’ of spherical 
triangles. 


ABTAOXTOBtST. By H. Spencer Jones, M.A,, B.Sc., The Royal Ob- 
servatoty, Greenwich. 

TAe Total Solar Eclipse of 1919, May 28-29.—^During the past 
two years frequent reference has been made in Science Pro¬ 
gress, in these notes and elsewhere, to Einstein’s generalised 
theory of relativity. An essential feature of this theory is 
the so-called “ principle of equivalence ” according to which 
a gravitational field is indistinguishable from a spurious field 
of force produced by an acceleration of the axes of reference. 
Einstein showed that the theory was capable of accounting 
exactly for the so-called anomaly in the motion of the peri- 
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helion of Mercury ; this was a distinct initial success which at 
once directed attention to the theory. He further pointed 
out two otheA results predicted by the theory, which should 
be capable of Verification or disproof. The firet of these was 
a displacement to the red of the Fraunhofer lines of the solar 
spectrum of about o>oo8 angstroms. The careful measure¬ 
ments of Dr. St. John at Mount Wilson do not appear to con- 
fom this prediction, although the smallness of the quantity 
in question and the possibility of its being concealed by other 
disturbing factors may cause doubt in some minds as to the 
validity of Dr. St. John’s conclusion. The second prediction 
of the theory is that the path of a ray of light should be slightly 
deflected in passing through a gravitational field. The only 
means of testing this conclusion is to ascertain whether there 
is any displacement in the apparent position of a star seen 
near the edge of the spn. Naturally this can only be attempted 
during a solar eclipse. The displacement predicted should 
vary inversely as the distance from the sun’s centre and 
amount to i'''75 at the sun’s edge. In this connection, it 
must be pointed out that if light' is assumed to possess inertia 
—^wWch is a reasonable supposition, since a beam of light con¬ 
tains energy and can exert a pressure—^then it necessarily 
follows that it must be deflected in any field of force. On 
Maxwell’s theory, therefore, we should expect a deflection 
which calculation shows would amount to o"'87 at the edge 
of the sun, or to exactly half the amount predicted by Einstein. 
If, on the other hand, light does not possess inertia, there 
should be no deflection. There were thus three possible 
alternatives—no deflection, or deflections of o''-87, or i*'75 
respectively, any one of which might not unreasonably Ise 
expected to be obtained when the test should be made. Of 
these the nil deflection would probably be most unexpected. 

As already pointed out in these notes, the eclipse of 
May 28-29 last provided a very favourable opportunity for 
testing these alternatives, owing to the presence of several 
bright stars in the neighbourhood of the sun at the time of 
totality. As soon as it appeared probable, after the Armis¬ 
tice, that it would be possible to send expeditions to observe 
the eclipse, preparations were commenced for two expeditions 
to set out under the auspices of the Joint Permanent Eclipse 
Committee of the Royal and Royal Astronomical Societies. 
One expedition went to Sobral, in North Brazil, the observers 
being Dr. A. C. D. Crommelin and Mr. C. Davidson ; the other 
went to the Island of Principe, off the West Coast of Africa, 
the observers being Prof. A. S. Eddington and Mr. Cottingham. 
Both expeditions were fortunate in securing observations dur¬ 
ing totaUty, although there was much cloud in the sky at 
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the time: the region near the sun was partially obscured by 
thin cloud during the whole of totality at Principe and during 
a part at Sobral. Consequently, the plates obtained at Sobral 
show more stars than those obtained at Principe and give a 
better determination of the deflection at the limb. 

The astrographic object glasses of the G^reenwich and 
Orirford Observatories were used respectively at Sobral and 
Principe in conjunction with 16-inch coelostats: in addition, 
a 4-inch lens of 19 feet focal length was used at Sobral with an 
8 inch coelostat. 

The results obtained are given in a paper by the Astronomer 
Royal and the observers, read at a joint meeting of the Royal 
and Royal Astronomical Societies on November 6, 1919. 
They may be summarised as follows : 

(i) The best results were obtained from the long-focus 
4-inch lens at Sobral, which gave images of good definition. 
The photograplp were measured against other photographs 
of the same region taken at the same altitude from the same 
station a few months subsequent to the eclipse, when the sun 
had moved away. A reliable determination of scale was in 
this wa^ obtained, the scale-value naturally being of funda¬ 
mental importance. The mean displacements of the seven 
brightest stars actually obtained, and those to be expected on 
Einstein’s theory, are given in the following table: 


Displacement in R.A. Displacement in Dec* 


Star No. 

Observed. 

Calculated. 

Observed. 

Calculated. 

11 

-^•19 

-.^•32 

+^•16 

+"'03 

5 

-•29 

-•31 

-•46 

-■43 

4 

— *II 

-•10 

+ '83 

+74 

3 

-’20 

-•12 

+ I'00 

+'87 

6 

-*IO 

+ ■04 

+•57 

+■40 

10 

-•08 

+ '09 

+•35 

+•33 

2 

+ '95 

+ •35 

-•27 

-•09 


A very satisfactory accordance in both co-ordinates is thus 
obtained. 

(2) The images on the astrographic plates taken at Sobral 
were diffuse, this being attributed to a change in figure of the 
coelostat minor ; there was a rather large discordance between 
the mean results from the individual plates, but from the whole 
series an outward deflection at the limb of o"-93 was obtained. 

(3) The plates taken at Principe showed only a few stars 
and the scale could not be directly determined. Plates of an¬ 
other region of the sky taken at the sanie altitude were used, 
and compared with plates of the same region and of the eclipse 
field obtained previously at Oxford. The determination of 
scale was therefore somewhat weak, though the uniformity of 
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temperature at Principe was in its favour. The final result 
of the discussion of these plates was an outward deflection of 
I'-ei, with a probable error ofio'-so. 

Summarising, the 4-inch lens at Sobral gave a value of the 
deflection of i"-94 from declinations and of 2"•06 from right 
ascensions, these values being in excellent agreement and 
giving a weighted mean value of I'-pS diO'-od. The Principe 
observations have a much larger probable error (±o''*3o) but 
tend to confirm the result, and both these series point to the 
full deflection i"‘75 of Einstein’s theory and to the predicted 
rate of falling off with increase in distance from the sun’s 
centre. There remain the Sobral astrographic plates which 
gave a value discordant by an amount far exceeding the limits 
of its accidental error, which discrepancy may possibly be due 
to change of figure of the mirror. On the whole, therefore, 
Einstein’s predicted displacement is confirmed, but there is 
sufficient uncertainty in the result to render it desirable that 
further tests should be made at future eclipses. 

Finally it should be pointed out that it seems clear that 
the deflection must be attributed to the sun’s gravitational 
field. Refiraction by coronal matter naturally suggests itself 
as a possible explanation, but a simple investigation at once 
shows that an impossibly high value of the refractive index 
would be necessary to account for the deflection. 

The aimouncement of the result attracted widespread 
attention, and so many distorted accounts and unjustified 
statements have appe^ed in the daily press that it is well to 
consider briefly what interpretation is to be put upon it. 

First, then, the result may be considered independently of 
any theory, as a purely observational fact. It cannot be 
denied that it has been definitely established that the light from 
a star is deflected in passing near the sun’s edge, though there 
may still remain some doubt as to the exact amount of the 
deflection. Since it seena very improbable that the phenome¬ 
non is due to refraction, it must be concluded that it is due to 
the direct effect of gravitation on the field of light. The 
establishment of this fact is a scientific achievement of the 
greatest importance. Many attempts have been made to gain 
some clue as to the nature of gravitation, but always with a 
negative result. Gravitation has remained the most elusive of 
the forces of nature. Theory after theory has been proposed 
to account for it, but none could be accepted because none 
could be tested. Now we know the nature of light and its 
velocity can be measured; the electro-magnetic theory of light 
is to-day universally accepted. The present result therefore 
shows a direct inter-relationship between gravitational and 
electro-magnetic forces. 
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How, then, is the result to be interpreted ? There seems 
little doubt but that the deflection which has been obtained 
is very closely double that which would have been anticipated 
on Newton’s law of gravitation, supposing light to possess 
inertia. This suggests that Newton’s law of gravitation is 
merely a first approximation. There is nothing very surpris¬ 
ing in this suggestion, although the popular press has niade 
much of it; we have already become accustomed to the idea 
that Newtonian mechanics is but a first approximation, re¬ 
quiring modification when velocities comparable with the 
velocity of light are concerned. It is not, then, altogether 
surprising that the law of gravitation may also be modified for 
very high velocities, though it would not be possible a priori 
to say what the modification would be. 

The theory of Einstein has naturally commanded attenticm 
as it predicted the result which has apparently been obtained. 
The difficulty of understanding what is involved in the theory, 
owing to the apparent impossibility of separating the b^ic 
ideas involved in it from the mathematics 'with which they 
are bound up, has perhaps not unnaturally caused some 
scepticism as to whether the theory provides the true explana¬ 
tion of the result. Our conservative ideas rebel against the 
belief that a fundamental law of nature can only be stated 
by invoking the aid of the calculus of variations. May it 
not be, however, that, if only other axes of reference were 
chosen, a simpler law would result? As a very elementary 
illustration, the expression of phenomena occurring ® 
rotating body assumes a simpler form if axes_ rotating with the 
body are chosen. Einstein’s theory is a theory of space^ and 
time and not a theory of gravitation, and the distinction is an 
important one. It is an extension of the older relativity theory 
which developed out of the attempts to explain the negative 
results of all experiments seeking to obtain evidence ot a 
motion of the earth relative to the aether. H has been stated 
that the result now obtained, justif3dng !l^ste_m s theory, 
has disproved the existence of the aether. Tins is incorrect. 
If the aether is not necessary on the generalised theory of rela¬ 
tivity, then it was not necessary on the older theory, in ^t, 
many scientists, including the present writer, considered tM 
the older relativity theory had made the conception of the 
aether unnecessary. The theory of Einstein h^ extended th 
conceptions of the older theory and, in 
, tivity of velodties, has, as it were, through the introduction of 
the equivalence hypothesis, introduced 
relativity of accelerations. It is this added feature 
leads to the results alfecting gravitation, but an explanation 
as to the nature of gravitation is not given. 
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The negative results indicated so far by the spectroscopic 
evidence form at present a serious argument against the com¬ 
plete acceptance of Einstein’s theory. It may also be men¬ 
tioned that mathematically there is a difficulty involved in the 
boundary conditions at infinity not being satisfied. It is 
possible that the expression which Einstein obtains for the 
law of gravitation may be the correct one, but that the method 
of deriving it may require modification. A careful critical 
examination will be required to ascertain how much of the 
theory would be affected if the negative spectroscopic evidence 
were substantiated : diverse opinions have been expressed on 
this point, and the writer is not in a position at present to give 
a considered judgment. 

Meanwhile, we must suspend final judgment and remain 
satisfied that a definite step forward has been made. The 
field is now open for the solar spectroscopists on the observa¬ 
tional side and for the mathematicians on the theoretical side 
to provide the further material and analysis which will indi¬ 
cate whether, and if so in what directions, the theory requires 
modification. 

Variability of the Sun’s Radiation .—For some fourteen years 
regular observations of the solar constant of radiation have 
been made at the Smithsonian Astrophysical Observatory on 
Mount Wilson, California. Before the observations had been 
continued for many years, it was noticed that the values 
obtained showed a vmation greater than could be attributed 
to errors of observation, and this suggested that the sun was 
a variable star. A two-fold variation was indicated : one 
was of long period, the sun-spot period, with a rar^e of from 
3 to s per cent.; superposed on this was a short-period irre¬ 
gular variation, running its course in intervals of a few days, 
weeks, or months, and having a range up to 7 per cent. To 
test the reality of this supposed irregular variation, an expedi¬ 
tion was sent to Bassour, in Algeria, and during 19H and 1912 
simultaneous observations were carried on at Mount Wilson 
and Bassour. Whilst these observations did not prove con¬ 
clusively that the variations found were true variations of the 
sun's radiation, they supported one another on the whole and 
indicated that the variations were due to causes outside the 
earth’s atmosphere. 

To test the matter further, in 1918 another expedition was 
sent to a station at Calama, Chile, at an altitude of 7,500 feet, 
which was selected on account of being one of the most cloud¬ 
less regions of the world and practically devoid of rain. Simul¬ 
taneous observations have since been carried out at this 
station and at Mount Wilson, and the preliminary results of 
the computations are pven by C. G. Abbot in Proc. Nat. 
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Acad. Sci., Washington, 1919, 5, 383. In order to exhibit as 
clearly as possible any relationship, points were plotted whose 
co-ordinates were the values of the solar constant obtained on 
any given day at the two stations. Obviously, if there was 
no variation in the sun’s radiations, the plotted points should 
form a normal error distribution about the'point whose ordinate 
and abscissa were both equal to the solar constant. If, how¬ 
ever, the solar constant is variable, the plotted points will be 
stretched out along a line passing through this point and 
making an angle of 45° with the two axes. This was found 
to be actually the case: in fact. Abbot states that with but 
very few exceptions all of the plotted points could be brought 
on to this line with a change of less than i per cent. The 
two stations being more than 5,000 miles apart and in different 
hemispheres, this result seems difl&cult of explanation on any 
other supposition than that there is a true short-period varia¬ 
tion in the sun’s radiation, and this result may be regarded 
as being now definitely established. 

Abbot states that investigations by Cla3d;on show that a 
correlation exists between terrestrial temperatures and pres¬ 
sures and these changes in the sun, and that daily solar radia¬ 
tion reports are telegraphed from the station at Calama and 
used in forecasting temperature in Argentina. The corres¬ 
pondence is stated to have been very good so far. Whether 
further investigations will confirm this statement remains to 
be proved, but should this be the case, a great impetus will 
be giveA to the study of the sun’s variations, and the estab¬ 
lishment of additional solar radiation stations will be necessary 
in order to eliminate as completely as possible the effects of 
local disturbing causes. 
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Cannon, J. B., Orbit of Spectroscopic Binary 33 Cygni, Pub. Dom. Obs. Canada, 
1919, 4 , No. 10; Orbit of Boss 1082, ibid. No. 11; The Spectroscopic Binary 
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PBTSICAJj CHSMIST&T. By Prof. W. C. McC. Lewis, M.A., D.Sc.» 

University, Liverpool. 

T/»« Source of Radio-Active Change .—As a result of the work 
of several investigators during the last few years, it is now 
coining to be generally recognised that all chemical reactions, 
whether thermal or photo-chemical, are due to radiation. In 
photo-chemical changes, as ordinarily examined, the tempera¬ 
ture of the external source of light and therefore of the radia¬ 
tion itself is considerably higher than that of the material 
upon which the radiation acts^ In ordinary or thermal 
actions the origin and source of the chemical change is the 
radiation present in the matter, and in equilibrium with it, 
in virtue of the temperature of the matter. In ordinary 
chemical changes we include such physical processes as change 
of state. 

This wide significance of radiation for chemical and physical 
changes has been extended still further by Perrin in a recent 
paper {Annales de Physique [ix], 11, 1919), who attempts to 
find the ori^ of radio-active change in the existence of an 
extremely short-wave type of radiation —" ultra-X ” rays— 
emanatiii^ firom the earth and capable of penetrating matter 
to a much greater extent than X-rays themselves. At first 
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sight this might appear to be purely fanciful. Perrin’s treat¬ 
ment of it is such, however, as to bring it within the range 
of serious scientific thought. 

Th6 fundamental change introduced by this idea is that 
radio-active processes have to be regarded no longer as typically 
exothermic, but, on the contrary, as strongly endothermic, 
in the sense that a much greater amount of energy is first of 
all absorbed by the radio-active parent substance than is 
emitted in the observed radio-active change. Perrin has even 
succeeded in calculating roughly the wave-length of the 
“ ultra-X ” raj’s, which would account for the radio-active 
change, by taking into account the kinetic energy of an ex¬ 
pelled a particle. The frequency of the “ ultra-X ” radiation 
is of the order 10®' ribrations per second (whilst that of visible 
light is of order g x io“). 

The attempt is made frankly by Perrin to bring radio¬ 
active changes into line with all other atomic and molecular 
processes, thermal reactions, photo-chemical reactions, fluor¬ 
escence, phosphorescence, and ionisation, all of which involve 
radiation of certain wave-lengths. Ionisation of a gas by 
X-rajrs represents, in fact, according to Perrin a group of reac¬ 
tions intermediate between ordinary chemical reactions and 
radio-active transformations. Following out his idea Perrin 
proceeds to consider several astroph3reical or rather astro- 
cheimcal problems, the existence of proto-atoms, and the 
stability of atoms of various types as a function of their en¬ 
vironment. 

The most striking characteristic of radio-active change, 
viewed in relation to other types of chemical change, is the 
apparent absence of any influence exerted by altering the 
temperature of the radio-active material. In the case of 
ordinary thermal reactions temperature is a most important 
factor, the rate of change increasing threefold for a rise in 
temperature of ten degrees in the neighbourhood of room 
temperature. 

As Perrin points out, however, the presence or absence of 
a temperature effect upon a process depends upon the frequency 
or wave-length of the radiation producing the change. If the 
effective radiation frequency is small, say of the order 10'* 
vibrations per second, there is known to be a sensible amount 
of this type of radiation present per vmit volume of any material 
at ordinary temperatures, and this so-called density of radia¬ 
tion increases rapidly as the temperature of the material rises. 
The result is that the rate of the chemical proce^ (depending 
upon this low-frequency radiation) increases rapidly with the 
temperature. If, on the other hand, the process requires 
radiation of frequency 10” vibrations per second, such a 
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process will not proceed with measurable speed at ordinary- 
temperatures, because there is almost none of this type of 
radiation present in a material system at ordinary temperature. 
To render the process observable it is necessary to expose the 
material to an external source emitting this high-frequency 
radiation in sufficient quantity. The conditions arc in fact 
those met with in photo-chemical reactions, so-called. On 
raising the temperature of the material by ten degrees under 
these conditions there is still no sensible increase in the density 
of the radiation of the effective type, and the process is, in 
fact, independent of temperature. This is already known to 
be approximately the case with photo-chemical changes. What 
is practically true of processes requiring radiation of the fre¬ 
quency 10*' is even more rigidly true of processes which require 
a frequency of the order to**. Perrin’s calculation that 
the frequency of the external radiation causing radio-active 
change is of this order is therefore in agreement with the fact 
that the temperature alterations which can be brought about 
under ordinary experimental conditions are absolutely without 
influence upon the rate of radio-active transformations. 

At the present time the hypothesis lacks a direct 
experimental basis. If its ori^nator is able to make progress 
in this direction it will constitute one of the most striking 
advances of physical chemistry. 

OBOABIC CKSmSTaT. By P. Haas, D,Sc., Pn.D., University 
College, London. 

During the last quarter a number of communications dealing 
with.vjtamines have been published, sho-wing the over-incrcus- 
ing attention which is being paid to this interesting class of 
compounds. The report of the Lister Institute for Preveutive 
Medicine for 1919 contains an account of the work done in 
connection with the anti-scorbutic accessory factor in common 
food-stuffs. From this it would appear that the juice of the 
lemon is far superior in antiscorbutic activity to that of the 
lime either fresh or preserved; it has, moreover, been found 
that the " lime juice ” originally employed' in combating 
scurvy in the British Na-vy was in those ckiys actually prepared 
from lemons. Swede juice is found to be the most efficient 
substitute for the juice of the lemon or the orange. Vegetables 
lose practically all their^ antiscorbutic properties in tinning, 
and, as their food value is not high, they are not economical. 
Dried ve^tables likewise are deficient in antiscorbutic pro¬ 
perties. Dried milk has considerably less antiscorbutic action 
than fresh or scalded milk, but there is not muefi difference 
m the growth-promoting properties of the two. By making 
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determinations of the minimum daily ration of any substance 
which will just protect an experimental animal from scurvy, 
under the conditions of the experiment, and by comparing the 
values so obtained for the unpreserved and the preserved 
material, it has been found possible to determine whether there 
is any loss in antiscorbutic power during the preserving pro¬ 
cess. 

According to Drummond {Biochem. 1919, IS, 77) an ade¬ 
quate supply of all three accessory food factors (i) Fat soluble 
A, (ii) Water soluble B, and (iii) water soluble C (the anti¬ 
scorbutic factor) is essential for the well-being of higher 
animals. The striking difference in properties between these 
various vitamines is illustrated by an investigation by Zilva 
{Biochem. J., 1919, 18» 164) in which it is shown that the Fat 
soluble factor A in butter is inactivated by exposure to ultra¬ 
violet light for eight hours, while the other two are not destroyed, 
although the butter itself is so profoundly affected as to be 
bleached and unfit for consumption. 

Drummond (he. cit. p. 81) also has shown that the growth- 
promoting factor A in animal fats is not so stable to high 
temperatures as has been assumed, that contained in butter 
or whale-oil being destroyed by exposure to a temperature 
of 100° for one hour : the substance could not be identified 
with any known components of fats, such as cholesterol, 
phosphatides or pigments, and it is suggested that it may 
be of an enzymic nature. 

.. Although it is commonly stated that stinging-nettles con¬ 
tain formic acid, the statement rests on somewhat slender 
evidence furnished by Gorup Besanez, whd in 1849 obtained 
a slightly acid solution by distilling an aqueous extract of 
stinging-nettles with phosphoric acid. Since then a number 
of observers have obtained similar distillates by boiling various 
plant parts with water or by steam distilling them, aim it 
cannot be accepted as proved that the formic acid obtained by 
Gorup Besanez really came from the stinging hairs of the 
nettles. To establish the presence of this a^id in the hairs, 
Dobbin (Proc. Roy. Soc. Edin., 1919, 8^ 137) has recently 
employed a somewhat ingenious method: he impregnated 
filter-paper with barium carbonate by soaking it in 2 per cent, 
baryta water and exposing it to the air; taking the paper in 
gloved hands, he pressed it on the upper and lower surfaces of 
a large number of leaves of growing nettles. Dealing in this 
way with several hundred leaves, the liquid expelled from 
a very large number of stinging hairs was collected. The 
paper was then extracted with water and the filtered extract 
distilled with phosphoric acid ; the distillate was treated with 
lead hydroride to convert the acid into the lead salt, and 
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crystals of lead formate were subsequently identified under 
the microscope. It is of course possible, even now, that the 
formic acid may have been produced during the distillation 
of the original extract with phosphoric acid. In any case, the 
author points out that the establishment of formic acid in no 
way affects the question as to whether or not this acid is the 
main cause of the intense irritation produced by stinging- 
nettles. According to Haberlandt (1886) the active poison is 
most probably an enzyme. 

The mode of action of colloidal silver sols ha^s recently 
been studied by Professor Marshall (Proc. Roy. Soc. Edin., 
1919, 39 (2), 143). He finds that the bactericidal action of 
silver sols is relatively slight as compared with that of the 
free silver ions in a silver nitrate solution. Such l)actericidal 
action as they have is, however, not due to bombardment by 
particles of silver in Brownian movement, since bacteria wore 
seen to move freely for long periods in a moderately concen¬ 
trated colloidal metal sol, in spite of their being frequently 
bombarded. The chief antiseptic action of silver sols appears 
to be due to ultramicroscopic particles between S fifi and 
15/4/4 diameter, and it is suggested “that these particles may 
be taken up by the bacteria and converted into soluble pro¬ 
ducts within the organism. This would explain why colloidal 
silver sols act more slowly than ionised silver. 

Bancroft {J. Phys. Chem., 1919, 23 , 356 and 365), in the 
course of his studies on the colours of colloids, discusses the 
blue colour of eyes and feathers. With regard to the former 
it is pointed out that there is no pigment on the front of the 
iris in blue eyes; the colour is due to turbid media, and is 
deeper the finer the suspended particles. Other colours in eyes 
are due to pigments in the front of the eye which thus mask th(‘ 
blue colour produced by the turbid media. In the case of 
feathers the colours fall into three categories: firstly, those 
which are produced by a pigment, and include blackj brown, 
orange and yellow ; secondly, blue and violet, which are struc¬ 
tural colours produced by finely divided air-bubbles contained 
in a transparent layer below the epidermal cells ; thirdly, there 
are colours depending on the ijosition of the light and the eye 
produced by a sheath acting like a prism. By displacing the 
air-bubbles in the case of the blue feathers by a liquid such as 
Canada balsam or benzene, which has the same refractive index 
as the cell-wall, the blue colour disappears. 

GEOXiOQT. By G. W. Tyrrell, A.R.C.Sc., RG-S., University, Glasgow. 

Economic Geology .—. L. Stillwell has continued his researches 
on the origin of the gold-quartz veins of Bendigo in “ Factors 
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Influencing Gold Deposition in the Bendigo Gold-field,” Part II 
{Cotnmonwealth of Australia, Advisory Council of Science and 
Industry, Bull. No. 8> 1918, pp. 45), The chief new point is 
that the force of crystallisation of the quartz is regarded as 
instrumental in opening up the fissures (see Taber’s views 
below), although some reefs have been formed by the infilling 
of already open fissures by quartz, and others are due to the 
replacement of slate and sandstone. 

In a discussion of Stillwell’s earlier paper (see Science 
Progress, 1918, 13 , 215) S. Taber advances the view that 
the veins have largely made room for themselves by mechani¬ 
cally displacing the country rock. He does not think it pos¬ 
sible that large cavities could remain open at the crests of the 
folds during a period of intense folding under conditions of 
deep burial and great pressure. Possibly small cavities were 
filled by the silica-bearing solutions, and some replacement of 
country rock effected; but both these processes are believed 
to have been of minor importance {Economic Geology, 1918, 18 , 
538-46). 

Stillwell replies to this criticism {Ibid., 1919, 14 , 430-4) 
by pointing out that he has partially adopted Taber’s views in 
his second paper. 

The first full description of the famous Charters Towers 
gold-field of Queensland is given by J. H. Reid {Geol. Surv. 
Queensland, Publ., No. 256 , 1917, pp. 236). The country rock 
consists of a pre-Devonian metamorphic series of schists, slates, 
phyllites, queirtzites, etc., which are intruded by a great ma§s 
of granodiorite. This, in its turn, is intersected by numerous 
sets of dykes. The lodes occur along fault-fissures in crushed 
granodiorite and consist of quartz reefs carrjdng pyrite, galena, 
zinc-blende, and native gold. Of rarer occurrence are tellurides 
of gold and silver, arsenopyrite, and chalcopyrite. The two 
main auriferous belts are connected with groups of diorite- 
porphyrite dykes. The ores are believed to have been 
deposited by ascending magmatic waters at intermediate 
depths. 

The Amisk-Athapapuskow Lake District (Saskatchewan- 
Manitoba), described by E. L. Bruce {Geol. Surv. Canada, 
Memoir, 106 , 1918, pp. 91), consists of an immense series of 
Archaean granites, schists, and gneisses, partly covered by 
Ordovician limestones. Some rich gold quartz veins occur 
in tixe older Archaean rocks, along with chalcopyrite-sphalerite 
replacements which carry low gold and silver values. Both 
types are believed tp be genetically connected with the granite 
batholiths. 

The controversy as to the origin of the Sudbury nickel ores 
is carried further by Roberts and l 4 >ngyear in a paper on the 
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genesis of the ores as indicated by recent exploration {Tram. 
Atmr. Inst. Min. Eng., 1918, 59 , 27-67). 7 'hey leave uncertain 
the nature of the differentiation by which the micropegmatite 
and norite members have been produced; but believe that 
the sulphides were carried down by the norite, remained in 
solution while the norite consolidated, and were concentrated 
in association with an acid extract which solidified as granite. 
The presence of mineralisers in these solutions enabled them 
to replace the wall rocks to some extent. The dominant factor 
controlling the deposition of the ore is thus magmatic segre¬ 
gation in situ ; but the ore belongs to the latest stage in the 
history of the magma. This view has a considerable resem¬ 
blance to that put forward by Goodchild (see Science Pro¬ 
gress, 13 , 1919, 376). 

An occurrence of chalcopyrite and bomite in syenite and 
syenite-pegmatite dykes (La Fleur Mountain, Washington) 
noay be added to the list of the magmatic sulphides, according 
to an investigation by McLaughlin p?co«. Geol., 19^9, 14 , 403- 
10). These minerals are later than the normal rock minerals, 
a sequence which is found to hold with most occurrences of 
magmatic sulphides. 

An important paper by Billingsley and Grimes (Trans. 
Amer. Inst. Min. Eng,, 1918, 68, 284-368) seeks to compare 
the origin of the various ore deposits associated with the great 
Boulder batholith of Montana, in which Butte, the most im¬ 
portant copper region of the world, is situated. It was found 
that the ores are associated with intrusive rather than extru¬ 
sive igneous action, the largest number of deposits being con¬ 
nected with the period of greatest intrusion. Successive 
magmatic differentiates furnish increasing proportions of vein¬ 
forming solutions. The sequence of ore deposition follows a 
definite order in any igneous phase : first, contact and border ; 
second, internal segregation; and third, fissure and fault 
veins filled from deep-seated sources. A number of other 
interesting generalisations for the student of ore deposition 
in relation to igneous action are given, which it is impossible to 
quote here. 

The Biwabik iron-bearii^ formation (taconite) of the Mesabi 
Range, Minnesota, is believed by Grout (Econ. Geol., 1919, 14 , 
452-^) to have been deposited in shallow water mainly by 
precipitation through organic processes, resulting in the pro¬ 
duction of lean, ferruginous dierts, with more or less iron¬ 
bearing carbonates, feme oxide, and greenalite. Alternating 
with pmo^ of precipitation came periods of solution, leach¬ 
ing, oxidation, and wave action, producing conglomerate and 
panular rocks inuch enriched in iron, and probably $omc 
layers of pure ferric oxide. Deep burial under slates developed 
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sufficient pressure and heat to recrystallise a large part of 
the formation. 

The unique seam of iron pyrites occurring at Trefriw 
(Carnarvonshire) is 6 feet thick, and separates an intrusion 
of dolerite from black shales of Dicranograptus age (R. L. 
Sherlock, Q.J.G.S. 1919, 74. pt. 2, 106-15). It lies at the 
horizon of certain pisolitic iron ores in North Wales. The 
P3nrites is believed to have originated by the action of heated 
magmatic waters, derived from the dolerite magma, upon the 
iron ore. 

For the pjrritic deposits of Roros, Norway, Ries and Somers 
{Amer. Insf. Min. Eng., 1918, 68, 244-64) favour the view that 
these are due to magmatic injection into the enclosing schists. 
In support of this hypothesis they point to the absence of 
hydrothermal alteration in the wall rocks ; the uniformly close 
association of the ore with gabbro; the presence of unori¬ 
entated inclusions of wall rock in the ore; and the nature of 
the ore itself, which is massive, occasionally porphyritic, and 
not always conformable to the enclosing schists. 

In a paper on geosynclines and petroliferous deposits, 
M. R. Daly (Trans. Amer. Inst. Min. Eng., 1918, 57 , 1054-70) 
shows that the latter follow the main zones of dislocation upon 
the globe. “ Petroliferous accumulations are generally coin¬ 
cident with diastrophic deformation, synchronous with them, 
and essentially a result of them." 

Garfias and Hawley describe funnel and anticlinal ring 
structure associated with igneous intrusions in the Mexican 
oil-field (Trans. Amer. Inst. Min.Eng., 1918, 57 , 1071-88). By 
these terms is meant the dragging down of strata around the 
periphery of a volcanic vent, producing an anticlinal ring sur¬ 
rounding the volcanic funnel. This is the familiar structure 
seen in many vents of the Midland Valley of Scotland, as noted 
by the authors. In the Mexican oil-field these structures have, 
been found to be ideal for the accumulation of oil. 

Prof. P. G. H. Boswell has followed up his well-known 
work on glass sands by an equally useful memoir on refractory 
sands for furnace and foundry purposes in A Memoir on 
British Resources of Refractory Sands for Furnace and Fcmndry 
Purposes, pt. i (published at the instructions pi the Ministry 
of Munitions of War, by the Imperial College' of Science and 
Technology and the University of Liverpool. London : 1918, 
pp. 246). This contains by far the fullest discussion of the 
characters of moulding sands that has yet appeared. A novel 
point is the insistence upon the value of the pellicle of ferric 
oxide around the grains of the red Bunter moulding sMds as 
a medium for the retention of water, thus strengthening the 
“ bond " of the sand. The concise chapter describing the 
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industrial uses for which refractory sands are required will 
also be much appreciated by geologists. 

Under an unpromising title, L. Reinecke (Non-bituminous 
Road Materials, Econ. GeoL, 1918, 13 , 557 - 97 ) presents the 
best modern study of road metals, including the methods of 
investigation, and geological considerations in highway con¬ 
struction. 

In a study of the barite deposits of Missouri, W. A. Tarr 
{Econ. Geol., 1919, 14 , 46-67) describes the mineral as occur¬ 
ring in veins, disseminated deposits, sink-hole or cave deposits, 
and residual deposits, of which the last-named are the most 
productive. The deposition of barite by circulating ground 
waters is considered improbable ; and the view that ascending 
thermal solutions deriving their barium from deep-seated 
igneous rocks are responsible for the primary deposits of the 
mineral is favoured. 

In an investigation of the potash salts of the Punjab Salt 
Range and of Kohat, Stuart {Records, Geol. Suru., India, 1919, 
60 , pt. I, 28-56) arrives at the conclusions that no continuous 
bed of potash is to be found in these localities. The rock-salt 
is foliated, and the contained potash occurs in discontinuous 
lenticles and irregular folia. 

This work led to a new hypothesis as to the origin and 
history of the rock salt and gypsum of the same regions {ibid. 
PP* 57-59)* While the salt was originally sedimentary, the 
nature of the banding, the frequent lenticular arrangement, 
the striking flow structure, and the nature of the associated 
salt marl beds show that the salt has been subjected to flow, 
the direction of which has not coincided with the original 
bedding. The gypsum is believed to be a secondary mineral 
formed by the reaction of calcareous material in the adjacent 
sediments with the sulphuric acid formed by the decomposi¬ 
tion of iron sulphides within the salt formation. 

In a discussion of the origin of asbestos and asbestifonn 
minerals S. Taber {Trans. A^mr. Inst. Min. Eng., 1918, 67, 62 - 
98) comes to the conclusion that the fibrous nature of these 
minerals is due to the accentuation of a normal prismatic habit, 
through the limitation of crystal growth by physical condi¬ 
tions. 

The following are important recent references upon economic 
geology: ^ 

CooKB, H. C., Origin of the Gold Deposits of Matachewan District, Northern 

Ontario, Earn. Geol., 1919, 14 , 281-301. 

CsitasNlKOW, K. Ch., Die Maaganerriagerstatten der Ukraine, Zettsch,/. Prakt. 

Geol., 1918,89-92; 100-7. 

HaKJOBK, E. Manganiferous Iron Ores of the Guyana District, Minnesota, 

Tram. Amor. Jmt, Itfin. 1918,68,453-86. 
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Loughlin, G. F., The Oxidised Zinc Ores of Leadville, Columbia, U,S. GeoL 
Sutvey^ Bull, 681 , 1919, 91. 

Nason, F. L., Characteristics of Zinc Deposits in North America, Trans, Amer, 
Inst, Min, Eng,^ 1918, 57 , 830-62, 

Pardee, J. T., Geology and Ore Deposits of the Coalville Indian Reservation, 
Washington, U.S, Gcol, Survey^ Bull, 677 ,1919, i86. 

Knopf, A., Geology and Ore Deposits of the Yerington District, Nevada, U,S, 
Geol, Survey,, Prof, Pafcr^ 114 , 1919, 68. 

Lindgren, W., and Loughlin, G. F,, Geology and Ore Deposits of the Tintic 
Mining District, Ibid,,, Prof, Paper^ 107 , 1919, 282. 

Bastin, E. S. and Laney, F. B., The Genesis of the Ores at Tonopah, Nevada, 
Ibid,,, Prof, Paper,, 104 , 1919, 50. 

Leffingwell, E. de K., The Canning River Region, Northern Alaska, U.S., 
Ibid,,, Prop, Paper, 109 , 1919, 251. 

Miller, B. L. and Singewald, J, T., The Mineral Deposits of South America, 
(New York: McGraw Hill Book Company, 1919), 589. 

Whitehead, W. L,, The Veins of Chanarcillo, Chile (silver), Econ, Geol,, 1919, 
14 , 1 - 4 S. 

Krusch, P., Die nutzbaren Lagerstatten Belgiens, ihre Geologische Position und 
wirtschaftliche Bedeutung, “ Gluckauff* Essen^ 1916, 75. 

Beyschlag, F., Die Mineral “ Reichtum ” der Turkei, Zdtsch, f, Prakt, GeoL^ 
1918, 81—8* 

Berg, G., Ober die BegrilFe vados und juvenil und ihre Bedeutung fur die Lager- 
stattenlehre, Ibid,^ 23-8. 

Lahee, F, H„ Geologic Factors in Oil Prospecting, Econ, Geol,, 1919, 14 , 480-90. 

Kemp, J. F., Observations on a Florida Sea Beach with Reference to Oil Geology, 
Ibid,, 302-33. 

Matteson, W. G., a Review of the Development in the New Central Texas Oil¬ 
fields during 1918, Ibid,, 95-146, 

Bagg, R. M., Fluorspar in the Ordovician Limestone of Wisconsin, Bull, Geol, 
Soc, Amer,,, 1918, 29 , 393-8. 

Phillips, W. B., The Sulphur Deposits in Culberson Co., Texas, Trans, Amer, 
hist, Min, Eng,, 1918, 58 , 265-83, 

Crandall, R., Notes on the Geology of the Diamond Region of Bahia, Brazil. 
Econ, Geol,, 1919, 14 , 220-44. 


miTBKALOOT ASTD CBTSTAXiXiO&BAPHT. By Alexander 
Scott, M.A., D.Sc. 

An elaborate account of ciystal optics is given by J, Becken- 
kamp {Statische und kinetische Kristalltheorien, % pp. 1-523, 
1915), The second part of the same volume (pp. 524-646) is 
occupied by a discussion of the relationships between the 
various polymorphic modifications of silica, especially quartz 
and tridymite. The relative specific gravities, double refrac¬ 
tion, and $0 forth, ar,e explained on the basis of the crystal 
structure (cubo-octahedral) assigned to the two minerals; the 
analogous relationships between psrites and marcasite are 
also considered. The optical effects observed when plates of 
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dextro- and laevo-rotatory quartz are superposed in various 
ways are discussed mathematically by I*• Liehiscli j^Tctiss• 
Akad. Berlin, 15 , 821, 1918). In a paper on “'1 he Perpen¬ 
dicular Passage of Linearly Polarised Plane Waves through 
Plane Parallel Plates of Transparent Inactive ('rystals ” {Ann. 
Phys., 58 , 165, 1919 ; Set. Abs., 20A, 210, 1919) M. Bcrek culls 
attention to the fact that ordinary optical theory ignores the 
wave-absorption in the crystal, as well as certain boundary 
effects. The former is negligible in the case of completely 
transparent media, but the effect on_ the amplitudes of the 
reflections at the boundary surfaces is appreciable since the 
reflecting power varies with the refractive index. The dis¬ 
crepancy between the theoretical (geometrical) and observed 
results should become appreciable in crystals having high 
double refraction. Adopting the conventional method of 
representing the component amplitudes by two sides of a 
parallelo^am, it is found that, for perpendicularly incident 
light, the resultant diagonals, obtained from the electro¬ 
magnetic and geometrical theories respectively, do not coin¬ 
cide. An expression connecting the tangent of the angle 
between the diagonals and the refractive indices is given, and 
according to this relation the former increases with the double 
refraction. The phenomena seem to be of an order of magni¬ 
tude sufficiently great for experimental determination. The 
reflection of infra-red rays by various crystals has been investi¬ 
gated by T. Liebisch and H. Rubens {Sits, preuss. Akad. Berlin, 
16 , 198, 1919). The minerals examined include quartz, apa¬ 
tite, rhombohedral and orthorhombic carbonate® and the 
orthorhombic sulphates, the variation of reflecting power with 
the wave-length being indicated by means of curves. A 
theoretical paper by M. Bom {Phys. Zeit., 19 , 539, 1918), deals 
with the derivation of the frequency of infra-red oscillation? 
in diatomic crystals by means of the space lattice, while a 
mathematical discussion of dispersion is given in another 
paper by the same author {Fern, deuisch. phys, Ges., 19 , 343, 
1917). K. Brieger {Ann. Phys., 67, 287, 1918) has iuvcstigatecl 
the optical behaviour of water of oystallisatiou by deter¬ 
mining the displacement of the position of proper oscillation, 
compared with that of free water, in sfeveral types of sulphates, 
such as the alums, some orthorhombic monoclinic sulphates 
and selenates, and in analdte. The curve of the reflection 
intensities for water shows certain maxima, which, howevdr, 
are double in the case of most of the salts examined. Further, 
the displacement in the case of sulphates is generally appre¬ 
ciable and towards the longer wave-lengths, but in analdte, on 
the other hand, it is in the opposite direction. The results 
are held to be in agreement with the work of Schaefer and 
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Schubert {Ann. Phys., 50, 283, 339, 1916; 55 , 397> 577 ) 1918) 
on the r 61 e of water in the alums. 

The determination of optical properties by means of the 
microscope is becoming increasingly important in connection 
with the identification of artificial chemical substances as well 
as minerals. The determination of refractive indices is dis¬ 
cussed by F. E. Wright {Jour. Wash. Acad. Set., 6, 465, 1916 ; 
Jour. Amer. Chem. Soc., 88, 1647, 1917), J. W. Evans {Min. 
Mag., 18 , 45, 52, 1916; 18 , 130, 1917), and S. Tsuboi {Jour. 
Ged. Soc. Tokyo, 25 , 38, 1918). The dispersion phenomena 
of minerals, particularly the felspars, is treated in detail in a 
series of papers by S. K6zu {Min. Mag., 17 , 189, 1915 ; 17 , 
237, 253, 1916 ; Bull. Soc. franc. Min., 40 , 36, 1917 ; Jour. 
Geol. Soc. Tokyo, 25 , 31, 43, 1918). E. T. Wherry {Jour. Wash¬ 
ington Acad. Sci., 8, 277, 319, 1918 ; Amer. Min., % 134, 1918) 
has investigated the relations between the optical properties 
and crystalline form of a number of tetragonal organic sub¬ 
stances. It is found that the ratio of the refractivities obtained 
by substituting the “ ordinary ” and “ extraordinary ” refrac¬ 
tive indices in the Lorentz-Lorenz formula is the inverse of the 
crystallographic axial ratio. The same author {Jour. Amer. 
Chem. Soc., 40 , 1852, 1918) gives an account of the optical 
properties of W-lyxose, o-d-xylose and ;8-d-arabinose, and 
L. Delhaye {Bull. Soc. franc. Min., 41 , 80, 1918) has made a 
detailed study of the optical properties of sodium chromate 
tetrahydrate. 

The fact that crystals under certain conditions emit light rays 
has long been known, and the phenomena have been differen¬ 
tiated into various types according to the nature of the exciting 
agent (Wiedemann, Ann. Phys., 34 , 446j 1888). Thus when 
the luminescence is due to light or cathode rays, the phenom¬ 
enon is photo- or cathodo-luminescence respectively; tribo- 
lumincsccnce appears when the material is crushed, crystallo- 
lumincscence during crystallisation, and so forth. The terras 
fluorescence and phosphorescence are used accordingly as the 
emission of light ceases when, or continues after, the exciting 
agent is removed. Cf. S. E- Sheppard Ilium, Eng. 1(^ 178, 
1917; Sci. Als., 20A, 471,1917. In many cases the phenomena 
seem to be due to the combination of ions or to other chemical 
reactions, and this view is adopted by H. Weiser {Jour. Phys. 
Chem., 22 , 439, 480, 576, 1918) in a recent examination of 
several substances showing crystallo- and trxbo-luminescence. 
He concludes that, so far as the former is concerned, in the 
case of such alkali haloids, sodium and potassium chlorides, 
and potassium bromide and iodide, as show it, the reaction re¬ 
sponsible for the efifect is the combination of the ions to form 
the undissodated salt. It is found that factors such as con- 
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centration, temperature, and viscosity of the solutions and the 
presence of colloids exert an influence on the jntcnsity of the 
light emitted. In the third paper, the relation of tnbo-lumin- 
escence to crystallo-luminescence is couf iclerod. All .substances 
possessing the latter property also possess the fornier, but not 
vice versa. Further, the nature of the light emitted by such 
substance® as arsenious oxide and alkali sulj^hatcs during 
grinding is the same as that emitted during rapid crystallisa¬ 
tion. In each case the effect is ascribed to the rc-formation of 
molecules broken up bv crushing and solution respectively. 
The intensity of the light, as might be expected, varies greatly 
with the nature of the substance. 

So far as kathodo- and photo-luminescence is concerned, 
the main result of numerous investigations (e.g. Wiedemann and 
Schmidt, Ann. Phys., 56 , 208, 1895 ; Lcnard and Klatt, 
ibid., 15 , 22s, 425, 603, 1904) has been to establish that the 
phenomenon is due to the presence of a small amount of im¬ 
purity, supposed by Schmidt {Die Kathodenstrahlcn, 99, 1907) 
to be in solid solution. 

According to E. L. Nichols and H. L. Howes (P/^ys. Rev., 11, 
327, 1918; 12, 351, 1918 ; Proc.Nat. Acad.Sd., 4 , 305, 1918), 
the luminescence of caldte from Franklin Furnace, N.J., is 
due to the presence of oxide of manganese, while prepared 
impure calcium carbonate behaves in the same way. It is 
suggested that the luminous centres may be calcium oxide 
in the neighbourhood of which the impurity is located. From 
the evidence of curves showing the decay of the luminosity, 
two types of phosphorescence are recognised, one in which the 
slope of the decay curve diminishes wth time, and another in 
which it increases. In the case of natural calcito, cathodo- 
luminescence belongs to the latter type, and photo-luminescence 
to the former. The effects of temperature on both typos and 
on different parts of the spectrum were also invobtiguted. 

E. MacDougall, A. W. Stewart, and R. Wright {Jour. Chem. 
Soc., Ill, 663, 1917. Cf. J. W. T. Walsh, Proc. Roy. Soc., 98 A, 
550, 1917) have made a detailed investigation of the factors 
influencing the phosphorescence of zinc sulphide. The effects, 
due to the nature of impurities, temperature, and so forth, 
on the luminescence of zinc sulphide under the excitation 
of kathode rays and rays from radio-active materials have 
been examined, and it is found that the results obtained in the 
two cases are by no means concordant. The view that the 
marimum luminescence occurs when the sulphide is in a state 
of incipient cr3rstailisation, in preference to the amorphous 
and truly crystalline states, is verified. C. Waggoner {Phys. 
Reo. 9 , 17s, 1917), on the other hand, maintains that the 
luminesceat spectra of zinc salts are independent of the mode 
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of excitation. E. Karrer and E. H. Kabakjian {Jour. Franklin 
Inst., 186, 317, 1918) consider that the luminescence of radio¬ 
active salts is due to changes in the crystalline state. M. B. 
Hodgson ^Phys. Rev., 12 ,431, 1918), in a paper on the physical 
characteristics of the fluorescence produced by X-rays, finds 
that the fluorescence varies with the nature of the crystal 
structure so far as calcium tungstate is concerned. The 
question of cathodo-luminescence is also considered by F. G. 
Wick and L. S. McDowell {Phys. R&o., 9 , 241, 1917) and T. B. 
Brown {ibid., 11, 38, 1918). 

In a paper on “ Radio-activity and the Coloration of 
Minerals,” E. Newbery and H. Lupton {Proc. Manchester Lit. 
Phil. Soc., 62 , Mem. 10, 1918) come to the conclusion that the 
colour and thermo-luminescence of many minerals are due to 
the action of radio-active materials, either during formation or 
subsequently. The colours produced by a, and 7 rays may 
be different, but in each case they are most probably due to 
the dissociation of impurities present in minute quantities and 
not to the dissociation of the main substance. This latter 
point is regarded as still in doubt (cf. Goldstein, Nature, 494, 
1914), but the impossibility of a pure substance showing phos¬ 
phorescence is considered to be established (cf. Lenard and 
Klatt, loc. cit.; G. Urbain, Ann. Chim. Phys., 8, 222, 289, 1909; 
E. Tiede, Ber., 49 , 1745, 1916). Similar methods have been 
employed by B. Blount and J. H. Sequeira {Jour. Ghent. Soc., 
115 , 70s, 1919), in an investigation of the colour of fluorspar. 
It is concluded that the colour is due to the presence of traces 
of organic material, not to radio-active effects. Since Lupton 
and Newbery came to the opposite conclusion after an ex¬ 
haustive examination of the same mineral, the question of the 
origin of the colour must still be considered to be open. 

BOTAICT. By E. J. SAUSBTmv, D.Sc., r.L.S., University College, London. 

Anatomy and Cytology .—Further details regarding the struc¬ 
ture of the stele of Platyzoma microphyllum are furnished by 
McLean Thompson {Trans. i?qy. Soc. Edin.), who finds 
that the stele is devoid of perforations or leaf gaps, but that 
considerable changes occur with respect to the medulla and the 
internal endodermis. The latter was found in one sjjedmen 
to contract and finally disappear. Expansion of the pith was 
accompanied by a reappearance of the endodermis, and the 
same features were again repeated at a higher level in the 
stem. 

The structure of Protoplasm formed the subject of Prof. 
Harper’s Presidential Address to the Botanical Sodety of 
America {Amer. Jour. Bot.), in which he considers espedally 
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the relation of modem chemical and physical knowlcdG[e to 
Cytological interpretation. It is pointed out that the most 
important advances in our knowlcdtje of cell architecture 
have been the recognition of localised spatially dilferenti.vted 
regions in which certain processes occur. 1 he work on elmo- 
plasts is particularly cited, whilst plastids, chromosomes, ami 
centrosomes furnish further examples. ^ Attention is drawn 
to the occurrence of almost every gradation from the undillcr- 
entiated “ chxomatophore ” of Hydrodictyon to the highest 
types exhibiting not merely a well-di'liimted outline, but also 
a special membrane. With regard to the relation of chroii- 
driosomes to the organised bodies of the adult cell, the opinion 
is expressed that far more evidence is required than has so 
far been adduced. 

The author proceeds to explain the structure of the cell 
conceived as a polyphase colloidal system of complex chemical 
compounds. Such a system, however, whilst consistent with 
many olKerved facts, would, so far as we arc aware, be devoid 
of polarity and would exhibit an absence of the non-homo¬ 
geneity which must be postulated for protoplasmic structure 
in order to account for the diverse chemical processes which 
proceed simultaneously within the cell. 

Our knowledge of multinuclear cells has been increased 
by the account furnished by Beer and Arber (Proc. Roy. Soq.), 
who enumerate 117 species belonging to sixty families m which 
such cells are present. These examples represent Pteridophyta, 
G3nnnosperms, Dicotyledons and Monocotyledons, and almost 
every variety of vegetative organ. Most commonly to be 
met with in l^e stem, this type of cell appears to be charac¬ 
teristic of active tissues, and is regarded as a normal feature 
in the growth of the majority of the higher plants succeeding 
the meristematic phase. The power of division would appear 
to be lost first by the cytoplasm and only subscquoutly by the 
nucleus. By this means it is suggested that a more elloctive 
relation between chromatic material and cytoplasm may be 
maintained. _ In more than 100 species the several nuclei were 
found to arise by mitotic division, but though this proceeds 
normally up to the spindle phase and a cell plate is even 
formed, this latter is resorbed and the daughter-nuclei 
become mclosed in a hollow sphere which enlarges till it is 
coextensive with the cytoplasm lining the cell wall. Sub- 
seijuently one or more of the nuclei may degenerate so that a 
umnudeate condition is estabhshed. 

x> Nemalio^ rmUifidum has been studied by 

R. C. Cleland {^»n. Bo/.), who finds that there is no cytological 
altambon of generations, but that, with the exception of tire 
last mitosis of the zygote, the chromosome number is eight 
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throughout the life cycle. It is during this first division of 
the zygote that reduction is effected. 

Morphology. —A new Lepidodendraceous genus is described 
by Bassler {Bot. Gaz.) under the name Cantheliophorus. The 
species, of which some were already imperfectly known, and 
seven additional representatives are here described, are char¬ 
acterised by a large lamellar sporangiophore in the radial 
plane of the cone axis and bearing a sporangium on each side. 
There is a prominent sterile lamina, but no ligule has as yet 
been detected. 

In the same journal Stout describes the occurrence of 
almost every gradation, in the flowers of Plantago lanceolata, 
from the typically hermaphrodite to those which are com¬ 
pletely female. The various grades are characterised by 
different degrees of development of the stamens, and indications 
are not lacking that there is also variation.with respect to the 
pistil. Even on the same plant similar variability may be 
exhibited. 

It appears from experiments by Kundson {Amer. Jour. Bot.) 
that in culture solutions the sloughed root cap cells of Pea 
and Com are still alive at the time of detachment, and may 
remain so for a prolonged period. 

Taxonomy. 

Spencer le More contributes to the Journal of Botany descriptions of new 
species belonging to the genera Buchnera, RJumphicarpa, Streptocarpus,Justicia, 
Diclif foray Lippia, Clerodendron (4 spp.), Loranthus, Acalypha (2 spp.), and 
Mollinedia. 

In the same Journal Wemham describes further Rubiaceas belonging to 
Mussaenda (2 spp.), SaSicea, Bertiera, Randia, Ancaralia (2 spp.), and Morinda. 

A critical review of species of EcMum appears in the Journal of i/ie Idnnean 
Society from the pen of Mr. Lacaita. 

A new genus of Marattiacem {Protomarotfia) is distinguished by Bunzo 
Hyata from Tonkin. It differs from Marattia in possessing linear sori home on a 
simply pinnate frond, and in having more numerous loculi in each synangium. 
New species of Phoma are enumerated in the Kew Bulletin, and in the Trans. 
Roy. Soc, South Africa, Pole-Evans and Botiomly describe a new species of 
DiplocysHs. 

Economic. 

Barber, in an extensive paper of over 150 pages, published by the Indian 
Department of Agriculture, deals with the underground branchmg of the sugar¬ 
cane. 

J)ixon (Notes from the Botany School, Dublin) enumerates the microscopical 
characteristics of a number of species commercially known as Mahogany. 

Ecology. —The presence of colloidal substances as normal 
constituents of the soil is a factor regarding the influence of 
which our knowledge is all too small. Jenning {Amer. Jour. 
Bot.) has investigated the effect of this class of substances on 
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the growth of Wheat in Culture solutions. The addition of 
Agar was found to have a stimulating effect on growth when 
the nutrient solution had a low concentration, but the reverse 
effect when the concentration of nutrient salts was raised. 
The addition of fine quartz sands caused a decrease in dry- 
weight which was the most marked when the finest-grained 
sand was employed, and a similar depression was observed 
•with both Ferric and Aluminium hydroxide. It is suggested 
that the concentration of the nutrient substances becomes 
reduced through the presence of the adsorbent. Increased 
weight -with colloidal silica appears to be due to direct absorb- 
tion of this substance, a result in agreement with the conclu¬ 
sions of Gregoire. Other workers have, however, found that 
finely-di-vided material tends to promote growth, and this has 
been explained as an outcome of the adsorption of toxins. 

In an interesting account of studies on Pasture, Jenkin 
{Pasture Studies, Bangor, 1919) describes the changes of vegeta¬ 
tion in an area laid down to grass. All the areas studied 
showed a decrease in the proportion of so-wn grasses, but an 
increase of the grasses not sown. The influence of the method 
of treatment, and the character of the original seed mixture, 
are emphasised. 

Blackman {Ann. Bot.) calls attention to the fact that the 
rate of growtn increment, in the earlier phases, follows the 
compound interest law, and is therefore dependent on the 
initial capital, as represented by the size of the seed and the 
efficiency of the plant to form new material. Similarly, at 
any given ^hase the amount of material present is an impor¬ 
tant factor in determining the increment of the future. 

nbAirr irarsiOXkOG'T. By Prop. Walter Stilks, M.A., University 

College, Reading. (Plant Physiology Committee.) 

Influence of Environmental Factors on Growth and Developnimt 
of’Plants .—^During the last few years a vast amount of work 
has been published dealing -with the influence of various factors 
of the en-vironment on the development of plants ; conse¬ 
quently it will only be possible here to review a representative 
selection from recent researches on this question. 

The chief en-vironmental factors are light, temperature, and 
humidity. In regard to light the measurement offers con¬ 
siderable difficulties. D. T. MacDougall and H, A. Spoehr 
{Science, 45 , 616-8, 1917) point out that the only reliable 
measurements of solar relation available to plant physiologists 
have been made -with the Angstrom and Abbot type of pyrheli- 
ometer. This records in heat units the total insolation, but is 
not suffldeiiJJy sensitive to the -violet end of the spectrum. 
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The photo-electric cell of Elster and Geitel is not open to this 
objection, and it is therefore suggested by the authors as a 
more satisfactory instrument for plant physiological measure¬ 
ments. Measurements of the same insolation made with the 
two instruments show considerable differences. 

Undoubtedly some of the most important investigations 
on the influence of environmental factors are those of Klebs 
(Biol. Zentralbl. 87 , 373-415, 1917; Flora, 11-12, 128-51, 
1918). In the first of these papers cited, evidence is brought 
forward in support of the author’s thesis that growth and 
rest periods in plants are ultimately the result of external 
conditions. In the beech, for example, the normal develop¬ 
ment of leafy shoots from the bud only continues for a few 
weeks at most. By the employment of the continuous 
illumination of an Osram lamp and by limiting the number of 
illuminated shoots to one at a time, it was found possible to 
make a small beech tree develop leafy shoots continuously for 
eight months. In the same way an oak tree was made to 
develop leafy shoots continuously for a period of four summer 
months and three winter months. A large number of ex¬ 
periments were also carried out with Ailanihus glandulosa, in 
which the influence of environmental factors on development 
was clearly shown. Among the more important points brought 
out in this investigation are the fact that the development of 
a young plant of Ailanihus glandulosa can be stopped by 
gradually decreasing photosynthesis, or by decreasing the 
content of mineral salts in the soil, while the rest period can 
be brought to an end by bringing the plant into a warmer, 
more humid and dark environment, by introducing the plant 
into a soil rich in nutrient salts, or by continuous illumination. 

F. Weber {Ber. deut. hot. Ges. 34 , 7-13, 1916) opposes the 
view of Klebs that under natural conditions the rest period 
of the beech in winter is due to low light intensity, since potted 
plants of the beech will unfold their leaves in midwinter when 
exposed to an atmosphere of acetylene. Weber’s argument 
seems, however, to be beside the point. 

In the second paper of Klebs referred to above, the results 
of an investigation into the causes of the transition from 
vegetative growth to flower-production are recorded, the 
plant investigated being a species of Sempervivum. It had 
been found earlier that this transition takes place ivhen 
certain changes occur in the environmental conditions- For 
instance, humidity accelerates growth and hinders flower- 
production, and conversely intense transpiration acts in the 
reverse way. Klebs had previously expressed the opinion 
that the essential condition for flowar-formation is the accumu¬ 
lation of carbohydrates in the plant. Hence, inorease in 
26 
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carbon assimilation is decisive. In the paper under special 
consideration here the environmental factor specially con¬ 
sidered is light. By the use of the artificial illumination of an 
Osram lamp, Klebs was able to bring Sempervivum to flower 
at any time of year, but a certain light intensity is necessary 
for development of the inflorescence. A continuous low light- 
intensity is sufficient for the flower rudiments to form, but 
without the necessary light-intensity the inflorescence does 
not develop further. Curiously enough it is only at higher 
temperatures that intermittent light and darkness can be 
made to inhibit flower-formation; at low temperatures (4° to 
6 ° C.) darkness does not hinder flower-production. As regards 
wave-length, red light accelerates the production of repro¬ 
ductive shoots, while blue light retards it. 

Among other recent work dealing with the influence of 
light on growth and development may be mentioned that of 
C. Olsen (Tidssk. /. Skov. og Trcehdl. 80 , 1-48, 1918), who 
finds the nettle (Urtica dioica) grows best in half-shade, while 
nitrate and water content of the soil are also important factors. 
It is also possible that light is an important condition in bring¬ 
ing about full development of colour in the flowers of edelweiss 
{Lemtopodium edpinuni). O. Rosenheim (Biochem. Joum. 
12, 283-9, 1918) transplanted some plants of this species, 
collected in the Alps at an average altitude of 2,000 metres, to 
a garden in a London suburb. In this latter habitat the 
colour of the flowers was much less intense, and on analysis it 
was found that the quantity of chromogenic substance in the 
flowers was only a quarter of that contained in flowers growing 
in their native environment. Rosenheim argues that this may 
be an adaptation of the plant to less intense insolation, the 
pigment in the flower in its native habitat serving a jjrotective 
function agmnst too intense sunlight. While it is by no 
means certain that this is really the function of the pigment, 
it appears to be premature to speak of adaptation to the less 
intense insolation in the case of the plants grown in London ; 
on the^ other hand, it may well be that light is an important 
factor in determining the extent of development of the colour. 

The influence of temperature on growth has attracted much 
attention in recent years. E. Talma {Kon. Akad. Wetensch. 
Amsterdam, 24 , 1840-4, 1916) has measured the increase 
m length of radicles of Lepidium sativum grown in different 
temperatures and taken the values so obtained as measures 
of the rate of growth* The radicles were about 8 xnzn. long 
and the increase in length was that taking place in 3-< hours. 
It was found that at o** C. growth still took place, and that 
the mv^-rate increased with increasing temperature up to 
28 C. Above this temperature the rate of growth fell rapidly 
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with increasing temperature. Even between 0° C. and 28° C. 
the van’t Hoff rule only holds over a small range of tempera¬ 
ture, the temperature coefficient decreasing with rise of tem¬ 
perature. A more extended series of measurements has 
been made by I. Leitch {Ann. of Bot. 80, 25-46, 1916), who 
measured the rate of growth of the main root of Pisum 
sativum at different temperatures. This author’s experiments 
were of two kinds, long-period experiments extending over 
22"s hours, in which the increase in length of the roots was 
measured macroscopically, and experiments in which meastire- 
ments were made every half-hour with the aid of a microscope. 
The author concludes from her experiments that the relation¬ 
ship between temperature and growth does not obey the 
van’t Hoff rule, but between—2® C. and 29° C. agrees with the 
curves found by Krogh for “ standard metabolism ” (see 
Krogh, Respiratory Exchange of Animals and Man, London, 
1916) and by Keuper for respiration in Pisum. 

Above 29° C. it is impossible to construct a curve to show 
the relationship between temperature and growth, because the 
latter decreases with time. Consequently between 30° C. and 
40® C. time-growth curyes must be constructed for each tem¬ 
perature. Above 44'5 ° C. there is no growth. 

From among observations made in the field those of H. N. 
Vinall and H. R. Reed {Joum. Agric. Research, 13, 133-47, 
1918) may be selected. These observations have been made 
on the American crop plant Sorghum. This plant is semi-tropical 
and will not grow well if the temperature is too low. On the 
other hand there is a marked contrast between its growth 
in California and in Washington, although the mean tempera¬ 
tures and “ total positive heat units ” available in the two 
localities are not much different. The differences appear to 
bo ascribable to differences in illumination. On the other 
hand, temperature has a marked influence on flower and fruit 
formation, higher temperatures during flowering and fruiting 
depressing the yield of grain. 

W. B. McDougall {Amer. Joum, Bot. 8, 384-92, 1916), 
working with forest trees, finds that growth starts in the spring 
as soon as the temperature of the soil is sufficient for root- 
absorption to commence, and ceases in the autumn when the 
soil becomes too cold. Sometimes there is a summer resting 
period, but not always. When this does happen it is due to 
decrease in water-supply, and is not a periodicity phenomenon. 

FjTom among other work dealing with humidity of the 
soil may be mentioned that of H. A. Allard {Amer. Jamn. 
Bot. 8, 493-SOL 1916), who found that plants which had 
become stunted through growing in dry soil nevertheless bore 
as many leaves as properly developed plants. On the other 
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hand the inflorescence was reduced in size in the stunted 
plants, and in extreme cases might be reduced to a single 
flower. Finally mention may be made here of a recent publi¬ 
cation of J. E. Coit and R. W. Hodgson {Univ. California Publ. 
Agric. Sci. 8, 283-368, 1919), who have investigated the shed¬ 
ding of young fruits of the Washington Navel Orange. This 
they find is due to the stimulus given to abscission owing to 
daily water deficits in young developing fruits. Among other 
observations they find that in this tropical shade plant the 
stomata lose their power of movement early in the life of 
the plant and remain practically closed. As a result trans¬ 
piration occurs to a very great extent through the epidermis, 
and 2$ per cent, takes place through the upper epidermis. 
The orange thus appears to stand in great contrast to the 
cereals barley, wheat, oats, and rye, in which J. Gray and 
G. J. Pierce {Amer. Jfoum. Bot. 6> 131-54, 1919) have shown 
that the stomata open with light and close with darkness. 
These observations have been made, however, only with 
young plants. 

PAJ^OBOTAXnr nr 19I8. By Marie Carmichael Stores, D.Sc., 

Fh.D., Lecturer in Palseobotany, University College, London. 

The reduction in output of Palaeobotanical work due to the 
war is even more apparent this year than in the previous war 
years, and the [>apers published in 1918 are few. The younger 
workers who might have otherwise been expected to produce 
memoirs have nearly all been engaged in some form of “ war- 
work,” while not only death, but serious illness has been busy 
among the elder leaders of the science in several countries. 
The death of Dr. G. A. N. Arber was recorded in the Annals 
of Botany (vol. xxxii, No. 128) in a short biography by Dr. 
D. H. Scott, who concluded by saying; ” When he died so 
pr^aturely on June 14, 1918, he left behind extensive unpub¬ 
lished manuscripts.” 

The number of publications worth note in the current 
review being so small, the grouping under various headings 
which has hitherto been followed by this annual survey will not 
be maintained. 

On the Tertiary palms work S3rmbolic of the later phases 
of the war appeared in Tokyo by Prof. A. Kryshtofovich, who 
escaped the terrors of Russia and meanwhile added to the 
scanty information hitherto available about the Tertiary floras 
of Jap^ (“Two and a Palm firom the Tertiary of the 
^ Coal Mine,” Jour, Geol. Soc. Tokyo, vol. xxv; 

^d _ Occurr^ce of the Palm Sabal nipponica, n. sp., in the 
Tertiary Rocks of Hokkaido and Kyushu,” Jmr. Geol. Soc. 
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Tokyo, vol. XXV, No. 303). The species is based on good leaf 
impressions, and though in some parts of the world fossil 
palms are common, these are of interest as they represent a 
region from which very little plant material is known, and 
which appears to correspond to the Laramie in America. 
The specimens from Hokkaido indicate a warmer climate than 
at present. American Tertiary plants were described by Dr. 
E. W. Berry (“ Fossil Plants from the Late Tertiary of Okla¬ 
homa,” Proc. 17 .S. Nat. Mus., vol. liv, pp. 627-36). These 
Dicotyledonous leaf impressions were in some respects similar 
to the Florissant flora, but Berry inclined to place them in 
the Upper Miocene. 

From Berry also we had an interesting general account of 
” The Jurassic Lagoons of Solenhofen ” {Sci. Monthly, October), 
in which was pictured both the plant and animal life. As 
regards the former. Berry explained its relative scarcity in 
comparison with the innumerable animals by “ the macera¬ 
ting action of the water, the non-deciduous character of the 
foliage of Jurassic plants, the activity of bacteria in the warm 
sea water, and most of all the situation of the deposits, away 
from any estuary with its stream-bome load of land-derived 
d6bris.” 

Records from the Antipodes were represented by A. B. 
Walkom’s continued publications on the Mesozoic floras of 
Queensland. In “ The Flora of the Maryborough (Marine) 
Series ” {Queensland Geol. Surv., publ. No. 262) a number of 
species, some of them new, were described, and were of special 
interest as the only record available of the land vegetation of 
the time, although found in a marine deposit. The species 
range from Equisetites to Conifers, the greater part being 
Gymnosperms. 

The same author gave a more general account of the Meso¬ 
zoic floras of his country, accompanied by sketch maps of 
ancient land distribution, in “The Geology of the Lower 
Mesozoic Rocks of Queensland, with special reference to their 
Distribution and Fossil Flora, and their Correlation with the 
Lower Mesozoic Roclcs of other Parts of Australia ” {Proc. 
Linnean Soc. N.S. Wales, vol. xliii, pt. i). Coals are distri¬ 
buted through some of the horizons, which, of course, lend 
the plant records additional interest. Printed as it is on 
thin paper and in small octavo size, it is externally inconspicuous 
in the year’s output: had it been produced on thick paper and 
in handsome quarto, as has been the fashion in other quarters, 
this memoir would then have been obviously what it is actually, 
namely, the most significant publication of the year's genersd 
Pakeobotany. 

Two memoirs on the detailed anatomical features of 
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Palaeozoic plants were published by Dr. D. H. Scott : “ The 
Structure of Mesoxylon multirame ” {Ann. Bot., vol. xxxii, 
No. 127); well illustrated by microphotographs and drawings 
of the stem and leaf base tissues of the species earlier de¬ 
scribed by Scott and Maslen, including an amended diagnosis. 
The accumulated detail concerning this plant accentuates the 
relation of the genus to Cordaites. 

The Lower Carboniferous genus Calamopitys (recently 
restored to prominence by the description of C. americana 
by Scott and Jeffrey) was dealt with fully by Scott (“ Notes 
on Calamopitys^ Unger,” Linn. Soc. Jonr., vol. xliv). In this 
monograph the five species described in the genus were criti¬ 
cally considered and discussed, with supplementary details 
fully illustrated. The general result being to retain the species 
in the genus, and not separate C. fascicularis and C, bcincriiatta 
under the generic name Erisiophyton, as_ Zalessky proposed. 

The divisions of the Coal Measure series in France received 
treatment at the hands of P. Bertrand (“_ Les grandes_ divisions 
paldontologiques du St^phanien du bassin dc 'la Loire,” and 
also ” Caract^es distinctifs des flores houillferes de Saint 
Etienne et de Rive-de-Gier,” Compi. rend. Acad. Sci. vol. 
clxvii). In the St^phanien three zones were recognised and 
subdivided according to their characteristic plant species; 
the work being a preliminary to more extensive detailed re¬ 
examination of the famous French deposits. 

On Coal itself G. Knox published a semi-popular r^sum6 
of current knowledge of its origin and structure {Proc. S. Wales 
Inst. Engineers, vol. 34, No. 1). 

The “ Monograph on the Constitution of Coal,” by M. C. 
Stores and R. V. Wheeubr (P«5. Dept. Sci. Indus. Research), 
is a critical examination of what is known up to date of the 
details, chemical, pateobotanical, and general, of the inherent 
composition of ordinary Pakeozoic bituminous coal, supple¬ 
mented by the views and new observations of the authors. 
The work is comprehensive, and brings within one cover the 
essential facts and hypotheses bearing on this much-discussed 
and difficult subject, and is accompanied by an extensive 
bibliography. 

ZCM>£OOT. By Prop. Chas. H. O’Donoghub, D.Sc., F.Z.S., University 

of Manitoba Winnipeg, Canada. 

PpofoBoa.—Pack, in “ Two Ciliata of Great Salt Lake ” {Biel. 
Bull., vol. xxxvi, April 1919), has investigated the effect of a 
reduction in the salinity of the water upon two ciliates. Great 
S^t Lake is very s^ne indeed, and has but a limited number 
of hving forms in it. Two ciliates were chosen and kept in 
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water which had its salinity reduced by continuous dilution. 
It was found that these animals were capable of a certain 
amount of adaptation, becoming more and more active, larger, 
more flexible, and exhibiting a marked shortening of the feed¬ 
ing cirri. 

Invertebrata. —^Papers include : 

Gemmil, “ Ciliary Action in the Internal Cavities of the Ctenophore Flcuro- 
brachiapileus^^ {Proc, Zool. Soc^ Pts. Ill and IV, March 1919). 

Faust, in a series of three papers—“ Notes on the Excre¬ 
tory System of an Amphistome Cercaria convoluta nov. spec.” 
{Biol. Bull., vol. xxxvi, April 1919); “ The Excretory 
System in D^enea: II, Observations on the Excretory System 
in Distome Cercariae” {ibid., May); and “ III, Notes on the 
Excretory System in a Monostome Larva, Cercaria spatula 
nov. spec.” {ibid.) —deals particularly with the flame cells. 
They are important since their group plan is indicative of at 
any rate sub-family relationship. A fundamental homolo^ 
exists between the excretory system of both redia and cercaria 
generations. 

Other papers include: 

Thompson, "Association of Somatic and Germ Cells in Cestodes” (Siol. 
Bull., vol. xxxvi, May 1919), and “ The Degeneration of Yolk Glands and Cells in 
Cestodes” (f&Vf.); Drew, “Sexual Activities of the Squid, Loligo pealU (Les.): 
n. The Spermatophore: its Structure, Ejaculation, and Formation” {Jour. 
Morph., vol. xxxii, June 1919); and Essenberg, “The Pteropod Desmopterus 
pacifikus sp. nov.” {Univ. of California Publ. in Zool., May 1919). 

Much work has been done on the embryology of the Insecta, 
but it is in the main confined to the stages after the formation 
of the germ-band. In “ The Formation of the Germ-Band in 
the Egg of the Holly Tortrix Moth, Eudemis iuevana (^h.) ” 
{Proc. Roy. Soc. Edin., vol. xxxviii, 1918), Huie describes the 
earlier stages in this Lepidopteron. It is a particularly for¬ 
tunate species to take, since the egg is long and flattened and 
transparent, so that the processes can be followed in the living 
animal, thus enabling the author to fill in a gap in our know¬ 
ledge of early insect development. 

Other papers include: 

Baumberger, "A Nutritional Study of Insects, with Special Reference to 
Micro-organisms and their Substrata” (Jour, Eoper. Zool., voL xxviii, April 
1919) j and Bridges, “ The Genetics of Purple Eye Colour in Drosophila melano- 
gaster” (ibid.. May 1919). 

Vertebrata. —The papers include : 

Day, “ The Physiology of the Nervous System of the Tunicate; I, The 
Relation of the Nerve Ganglion to Sensory Responses” (Jour. Exp. Zool., 
May X919). 
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Thomson has described “ The Morphology of the Prosen¬ 
cephalon of Spinax as a T 3 rpe of Elasmobranch Fore-Brain ” 
{Trans. Roy. Soc. Edin., vol. lii, Pt. II, April 1919)* The diffi¬ 
culty of this subject is greatly increased by the terminology 
employed by different workers, and, as the author points out, 
when in the case of one area five different terms have been 
employed, it seems time that some clearing up of useless 
teims was carried out. The present paper is divided into 
two portions : one deals with the grey matter, in which five 
areas of grey cells are recognised, and the other treats of the 
fibre tracts, fourteen in number, and there is also a mention of 
four fibre complexes. 

Other papers include: 

Woodward, “On Two New Elasmobranch Fishes {Crossorhinus jurassicus, 
sp. nov., and Protospinax anmetens) from the Upper Jurassic Lithographic Stone 
of Bavaria” {froc. Zool. Soc.^ Pts. Ill and IV, March igig); and Boulenger, 
“ On the Madagascar Frogs of the Genus Mantidactylus Blgr.” ipbid^. 

A useful “ Review of the Reptilian Fauna of the Karroo 
System of South Africa ” is furnished by Haughton {Trans. 
Geol. Soc. of S. Africa, vol. xxii, 1919). This commences with 
a general account of the skull of the reptilia found as fossils in 
South Africa, the classification of the forms, and then a general 
discussion of the various series of specimens that have been 
obtained. It ends with an account of the interrelationships 
of the various forms. Watson writes fully “ On Seymouria, 
the most Primitive known Reptile " {Proc. Zool. Soc., Pts. Ill 
and IV, March 1919). By means of further preparation of the 
type material in Munich and from material gathered by him¬ 
self in Texas, the author has been able to make considerable 
addition to our knowledge of Seymouria. A full description 
of the skeleton is given, which together with what has been 
previously written makes the skeleton of this form almost as 
well known as that of any other reptile. The description is 
followed by a discussion of the relationship of the anunal with 
the Tenmospondyli and Reptilia. It is beyond doubt a form 
intermediate between J^phibia and Reptilia, and the author 
concludes: “ I hope this study of Seymouria will be regarded 
as placing beyond dispute the origin of the reptiles from the 
Embolomej;ous Labyrinthodonts.” 

Other papers include: 

Petionievics, “ Comparison between the Lower Jaws of the Cyhodont Reptiles 
Gon^hognaihus and Cynognathus” {Proc. Zool. Soc., Pts. Ill and IV, March 
* 9 * 9 ); Taylor, “ A Case of Hermaphroditism in a Lizard, Lacetia x/iridis ” {iMd .); 
and O’Donoghue and Gowanlock, “ Notes on the Caspian Tern {Sterna caspui) 
and the Paraatic Jaeger {Siercorarius parasiticus) in Manitoba ” {Canadian Field 
Nat., vd. sodii, April 1919). 
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Hollister has published “ East African Mammals in the 
United States National Museum: Pt. II, Rodentia, Lagomorpha, 
and Tubulidentata ” {Bull. 99, United States Natural Museum, 
1919). In this 194 species of the three orders enumerated in 
the title are dealt with. A number of specimens of most 
species were collected mainly by the expeditions in charge of 
Theodore Roosevelt and Paul Rainey, and the localities from 
which they were obtained and various measurements of each 
are given. Van der Stricht deals with “ The Development of 
the Pillar Cells, Tunnel Space, and Null’s Spaces in the Organ 
of Corti ” {Jour. Comp. Neur., vol. xxx, April 1919). The 
tunnel space develops as an intercellular cleft around the spiral 
nerve bundle, and its fluid contents are elaborated by the 
vacuolated pillar cells, partly as a result of cytolysis. The 
first space of Nugl similarly originates as an intercellular cleft 
between the outer pillars and outer hair cells. The fluid of 
all the spaces of Nugl is separated from the endolymph of the 
cochlear duct by the thin roofs of the interspaces. The struc¬ 
ture appears to promote the prop^ation of vibratory waves 
from the basilar membrane to the membrana tcctoria contained 
in the cochlear canal. Other papers include : 

Allen, Degeneration in the Albino Rat Testis due to a Diet DeBcient in the 
Water-soluble Vitamine, with a Comparison of Similar Rats Differently Treated, 
and a Consideration of the Sertoli Tissue” (Amt, Rec,^ vol i, April 1919); Bate, 
On a New Genus of Extinct Muscardine Rodents from the Balearic Islands 
(Proc, ZooL Soc,^ Pts. Ill and IV, March 1919); Carey, “ Teratological Studies: 
A, On a Fhocomelus, with Especial Reference to the Extremities ; B, The 
External Form of an Abnormal Human Embryo of Twenty-three Days; C, The 
Anomalies of an Encephalic Monster, complete Craniorrhachischisis ; and D, A 
Second Anencephalic Monster, complete Craniorrhachischisis ” (Anat, Rec,^ vol. 
xvi, April 1919); Donaldson, “ The Relative Volumes of the Cortex and Medulla 
of the Adrenal Gland in the Albino Rat” (Afner, Jour, Anat^ vol xxv, May 
1919); Flather, “The Blood-supply of the Areas of Langerhans, a Comparative 
Study from the Pancreas of Vertebrates (Preliminary Paper)” (Amt Rec,^ vol xvi, 
April 1919); Hanson, “The Coracoid of Sus scrofa^^ (idid.^ May 1919); Hay, 
“ Descriptions of some Mammalian and Fish Remains from Florida of probably 
Pleistocene Age ” (Proc. United States Nat. Mus.^ vol Ivi, 1919); Hunt, “ Vascu¬ 
lar Abnormalities in a Domestic Cat (Felts domesfiea) ” (Amt. Rec.^ vol xvi, April 
1919); Jackson, “ The Postnatal Development of the Supraienal Gland, and the 
Effects of Inanition upon its Growth and Structure in the Albino Rat ” (Amer. 
Jour, Amt., vol xxv, May 1919); Johnson, “ The Development of the Lobule of 
the Pig’s Liver ” (idid.) ; Jordan, “ Studies on Striped Muscle Structure: IV, Inter¬ 
calated Discs in Voluntary Striped Muscle” (Anat. Rec,, vol xvi, 1919); 
Loder, “ Notes on the Beavers at Leonardslee ” (Proc. Zool. Soc,, Pts, III and IV, 
March 1919); Marui, “The Effect of Overactivity on the Morphological Structure 
of the Synapse (Jour, Con^, Neur.^ voL xx, April 1919); Meyer, “Uterine, 
Tubal, and Ovarian Lysis, and Resorption of Conceptuses” (Biol. Bull., vol 
xxxvi, April 1919), and “ On the Occurrence and Identity of the Plasma Cells of 
Plofbauer” (Jour. Morp/t,^ vol, xxxii, June 1919); Wilder, “An Anomaly in the 
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Portal Circulation of the Cat” (Atiat. Rec., vol. xvi, April 1919); and Witte, 
“ Histogenesis of the Heart Muscle of the Pig in Relation to the Appearance and 
Development of the Intercalated Discs" {Amcr. Jour. Amit., vol. x\v, May 
1919). 

General .—has a paper “ On the Physiological Pro¬ 
perties of the Gonads as Controllere of Somatic and Psychical 
Characteristics ” {Jour. Exp. Zoo/.,vol. xxviii, May 1919). Gonads 
were removed from young rats and transplanted into other 
animals of the opposite sex from wliich the gonads had been 
previously removed. It is claimed that, while it is difficult 
to find any somatic modification resulting from this inter¬ 
change, the alteration in behaviour is quite marked. Young 
females are, in as far as behaviour is concerned, transformed 
into typical males and vice versa. In “ Precipitation Structures 
simulating Organic Growths: II, A Contribution to the Physico¬ 
chemical Analysis of Growth and Heredity ” {Biol. Bull., vol. 
xxxvi, April 1919), Lillie and Johnston have continued work 
an account of which was published in 1917. The first part 
consists of a discussion of the theoretical aspect of such 
phenomena, in which it is suggested that the specific characters 
of organisms are determined by the specific natui’e of the 
structural compounds of protoplasm, or, in general, specific 
compounds give rise to structures of a correspondingly specific 
type when deposited from solution in solid form. Develop¬ 
ment from a germ is constant and specific in character because 
of the constancy in the physicochemical constitution of the 
growing system and its surroundings. Part II deals with the 
experimental side, and describes the fonns produced, the 
electrical, mechanical, osmotic and temperature conditions 
under which they were produced, and so on. 

Other papers include: 

Goodale and MacmuUen, “ The Bearing of Ratios on Tlicoi'ics of the Inheri¬ 
tance of Winter Egg Production” {Jour. Mxp. ZooL, vol. xxviii, April 1919); 
Hanson, “On Teaching the Germ I.ayers" {Ami. Rec., vol. xvi, May 1919); 
Kirkham, “The Fate of Homoxygous Yellow Mice" {Jour, Exp. Kooh, vol. 
xxviii. May 1919); and Roberts, “The Function of Pathological States in 
Evolution” {Proc. Zool. Soe., Pts. Ill and IV, March 1919). 


ASiVEBOTOXiOaT. By A. G. Thacksb, A.K.C.Sc., Public Museum, 
Gloucester. 

Whilst there is an immense literature dealing with the ques¬ 
tion of the antiquity of man in Eufope, there is now also a 
very comiderable literature on the problem of man’s origins 
-in Ammca. It will be remembered that the surviving species 
of man appeared first in Europe in the Aurignacian age, and 
that this age is^most probably to be assigned to the Third (or 
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Riss-Wurm) Interglacial period. As is well known, the pre¬ 
sence of the living species in Europe in Pre-Aurignacian times 
is credited by many, but is still very doubtful. On the 
other hand, I think the weight of the evidence is against the 
other extreme opinion—^the ultra-conservative view—^that the 
Aurignacian itself is to be given a post-Wurmian date. There 
is, however, one point of fundamental importance, which 
should have been obvious to all from the first, but which has 
nevertheless been sometimes overlooked. When Homo sapiens 
first appears in Europe he is already thoroughly Homo sapiens. 
We may trace man back into Neolithic times, into the last 
of the greater ice-ages, and, further yet, into the wonderful 
warm period which preceded that ice-age, and we find him 
anatomically what he is now. He shows no sign of merging 
backwards into another species, another kind of being. We 
therefore learn nothing of the origin of Homo sapiens. It has 
thus always been obvious that the species either (i) sprang 
into existence suddenly, or very rapidly (an hypothesis which 
is less improbable than might have appeared to us ten years 
ago), or (2) possesses a far greater antiquity elsewhere than 
in Europe. It is at this point that we turn eagerly to the 
evidences from America. The supposed proofs brought for¬ 
ward have been looked at askance because they appear to 
prove too much. The supposed relics of Pleistocene man in 
America reveal to us a race of barbarians almost identical, 
not only anatomically but culturally, with the more primitive 
Red Indians as they were when they were discovered by 
Europeans. Now, even the more primitive Red Indians were 
(except in respect of the artistic faculties) in advance of our- 
European races of the later Pleistocene. They are more com¬ 
parable, culturally, with the very earliest of our Neolithic 
peoples. Moreover, the most credible of the American evi¬ 
dences carry back these Red Indians (for they were nothing 
else) much further than the date of the European Aurignacian 
—as far back as the first of the three great inter-gladal periods. 
In other words, the supposed proofs give an early Pleistocene 
antiquity to a primitive Neolithic culture. Now, this is a 
theory which any anthropologist will be shy of accepting. 
But we have no right absolutely to rule out the hypoth^is on 
the basis of a priori improbability. If the species originated 
in Asia in early Pleistocene times, the first nomadic tribes 
would have found America quite as accessible as Europe, for 
there was then a land-connexion between Asia and America. 
In early and middle Pleistocene times Europe may well have 
been merely a “ backwater,” where the older and much more 
primitive species of the humanoid family took refuge from 
the ever-spreading tribes of the abler H. sapiens. 
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The reader will find these matters ably discussed in the 
recent issue of the American Anthropologist (yol. xx. 1918). 
There is in this volume (p. i) a paper by Dr. Oliver P. Hay, of 
the Carnegie Institution, entitled “ Further Consideration of 
the Occurrence of Human Remains in the Pleistocene Deposits 
at Vero, Florida.” These human remains at Vero occur in a 
stratum which appears to belong to the first inter-glacial epoch. 
The whole matter is argued at length by Dr. Hay, and he seeks 
to dispose of the various methods of explaining away this and 
similar finds. He relies largely on an argument of a general 
character, which he sums up as follows : “ In Pleistocene 
deposits laid down under conditions which permitted the 
existence of man, we find numerous evidences of his presence. 
In Pleistocene deposits originating under conditions forbid¬ 
ding the presence of man, and in older accumulations, no traces 
of man’s existence are met with, even though both those of 
Pleistocene age and the older ones are adapted to receive 
adventitious inclusions of artifacts.” I have not mentioned 
in this connexion the relatively few discoveries of remains of 
the other species of the Hominidse, because I am fairly con¬ 
fident that they have no direct bearing upon the problem. 

There is another paper in the same volume of the American 
Anthropologist which is also of special interest. This is by 
W. H. Babcock and is entitled “ Certain Pre-Columbian Notices 
of the Inhabitants of the Atlantic Islands.” In regard to 
Iceland the author mentions the reference to trolls in the Saga 
of Grettir; but he concludes that there was probably no 
foundation, in fact, for this legendary story of an aboriginal 
race in Iceland. In this instance, the trolls were doubtless 
imaginary beings. It may be added that so much is known 
about early Iceland, that, if Eskimo or any other race of abori¬ 
gines had existed in the island when the Norsemen discovered 
it, definite records, placing the matter beyond all possibility 
of doubt, would almost certainly have been left for us to 
peruse. The Icelanders, as all the world knows, were a people 
of marvellous literary gifts. Babcock also deals with the 
stories of the phantom Atlantis, and with the much later records 
of European voyages to Madeira, the Azores, and the Canaries. 
The early descriptions of the inhabitants of the Canaries, of 
which Babcock gives extracts, make interesting reading. The 
people were apparently of Berber stock. No aborigines are 
known to have existed m Madeira or the Azores. 

Most of the remaining papers in this volume are scarcely 
up to the usual standard of the American Anthropologist. 
W. H. Babcock has another paper (p, 406) entitled, “ Some 
Ethnolc^cal and National Factors of the War,” but his 
remarks on this subject are somewhat trite. And in places his 
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sketch of European ethnology is so superficial that it may 
even be misleading to his American readers, who are for the 
most part profoundly ignorant of Europe. Mention may also 
be made of an article by W. D. Wallis under the heading, 
“ Indo-Germanic Relationship Terms as Historical Evidence.” 

As is well known, in the north of the Japanese Islands, in 
Saghalien, and in the Kurile Islands, there dwells a very 
hirsute race of Caucasic character known as the Ainu. The 
reader’s attention must be drawn to an exhaustive monograph 
on the Ainu of the Kurile Islands. This large monograph is 
by Dr. R. Tosii, and it constitutes an issue of the Journal of 
the College of Science (University of Tokyo), (vol. xlii. Art. i, 
January 1919). The article is in the French language, and is 
entitled: ” Etudes Arch^ologiques et Ethnologiques. Les 

Ainou des Isles Kouriles.” The monograph is well illustrated, 
and, judging from the plates, some of the Ainu are so entirely 
Caucasic in appearance that they might almost pass as Euro¬ 
peans. How a Caucasic people comes to occupy such an 
anomalous geographical position is one of the standing problems 
of anthropology. 

The following papers on Social Anthropology may be re¬ 
corded : 

In Folk-lore^ vol. xxx, No. 2: Customs Connected with Death and Burial 
among the Rumanians,” by Mrs, A, Murgoci \ “The Problem of the Gipsies,” by 
Dr. F. W. Russell; and “ The Folk-lore of the Bushmen” (this latter is a leprint 
of an important article which appeared in the Cape Monthly magazine in 1874), 

In Man \ “ The DeviPs Officers and the Witches’ Covens,” by Miss M, A. 
Murray (September); and “ Correspondence on ‘ Anthropology and our Older 
Histories’,” by Fleure, De Gudrin, and others (September). 

In the American Anthropologist^ vol. xx: “On Computations for the Maya 
Calendar,” by R. K. Morley; “ Early Cheyenne Villages,” by G. B. Ginnell; 
“ War-God Shrines of Laguna and Zimiby Elsie Clews Parsons ; and “ Kinship 
Terms of the Kootenay Indians,” by E. Sapir. 

And the following articles may be selected from the new volume of the 
Proceedings of the Prehistoric Society of East Anglia, vol. iii. Pt. l, 1918-19, 
received as we go to press: “ Foreign Relations in the Neolithic Period,” by 
Reginald A. Smith; “ Excavations at Grime’s Graves during 1917,” by A. E. 
Peake; and ** The Origin of the Rostro-Carinate Implements, and other Chipped 
Flints from the Basement Beds of East Anglia,” by F. N. Aaward. 
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EVOLUTION AND IRREVERSIBILITY 

By ALFRED J. LOTKA, MJV., D.Sc. 

The recent publication in Science Progress of Dr. Petro- 
nievics’s article, “ Sur la loi de revolution irreversible,” * 
seems to furnish an opportune occasion for a discussion of the 
relation between irreversibility as understood by the physicist, 
and evolution as conceived more particularly by the biologist. 

Biology leaves us with a not very clearly defined idea of 
progression as one of the fundamental characteristics of those 
changes which are embraced by the term “evolution.” Such 
phrases as “ the passage from lower to higher forms,” which 
are often employed to describe evolution, are vague, and 
undoubtedly contain an anthropomorphic element.® The fact 
seems to be that all we can predicate positively to-day is that 
evolution is a “ unidirectional ” change in time. 

Now, the physicist is well acquainted with unidirectional 
changes. They are precisely those changes which he terms 
“ irreversible.” And, for certain cases at least, he is able 
to define in precise terms the direction of evolution. For 
example, in an isolated physical system evolution proceeds in 
such direction that the entropy of the system increases. More 
generally, if the state of a phjrsical system is defined in terms 
of certain variables X^, X<t ... and certain parameters 
Pj, Pa . . . P*, and if evolution is allowed to proceed {i.e., 
if the X's are allowed to change by a spontaneous process) 
while keeping the parameters P constant, then certain definite 
and known functions of the variables X and of the parameters 

^ January 1919, p- 406. 

* “ Evolution is thus almost synonymous with progress, though the latter term 
is usually confined to processes of development in the mori as distinguished from 
the physical world. Further, this idea, as Mr. Spencer remarks, has rather a 
subjective than an objective source, since it points to an increased value in exist¬ 
ence, asptdged fy ourJeeUngs^ {Entyc, Brit^ 9th edition, vol. viii, pp. 751-2). 

406 
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P increase toward a maximum, while certain other such func¬ 
tions decrease toward a minimum. 

When we pass on to biological systems evolving "’under 
the complex conditions presented to us in nature, we may, if 
we choose, apply the same language in a discussion of their 
history, and state empirically that their evolution is an irr^ 
versible process,* or make the guess that here also certain 
functions increase toward a maximum.® But no attempt 
seems to have been made to give explicitly the form of these 
functions, or even as much as to indicate just what are the 

^ “ The second law (of thermodynamics) is the law of evolution of the world 
accessible to our observation” (Chwolson, Lehrhuch der Physik^ 1905* vol. iii, 
p. 499 ; Sciefztiay 1910, vol. iii, p. 51. 

“. . . the second law of the theory of energy is now generally regarded as 
essentially a statistical law. So viewed, the second law of energy "becomes a 
principle stated wholly in terms of the theory of probability. It is the law that 
the physical world tends, in each of its parts, to pass from certain less probable to 
certain more probable configurations of its moving particles. As thus stated the 
second principle . , . becomes a law of evolution ” Qosiah Royce, Science, 1914, 
vol. xxxix, p. 551). 

“ Un syst^me isole ne passe jamais deux fois par le m^me 6tat. 

** Le second principe affirme un ordre n^c^ssaire dans la succession de deux 
phenom^nes, sans retour possible aux ^tats ddija traverses. 

“ C*est pourquoi j’ai cru expressif d’appeler ce principe un principe d’dvolution. 

“ II se trouve qu’en proposant ce nom je suis fiddle a la pens^e de Clausius, car 
le mot cWpoTTi}, d^oh il a tir^ entropie, signifie pr^cisement Evolution ” (J. Perrin, 
Train de CJiimie Physique, 1903, vol. i, pp. 142-43). 

Compare also: 

“ II est hautement improbable qu’un syst^me isold passe deux fois par le mSme 
^tat; cela est d’autant plus improbable que la complication du sysl^me est plus 
grande, et pratiquement il serait insens^ de se placer dans cette hypoth^se d’un 
retour a I’^tat initial” (J. Perrin, Traiti de thimie Physique, 1903, vol. i, 
pp. 145-46). 

The following is also of interest: 

“ The book of Nature is the book of Fate. She turns the gigantic E*ages— 
leaf after leaf, never re-turning one. - . . The face of the planet cools and dries, 
the races meliorate, and man is born. But when a race has lived its term, it 
comes no more again” (Emerson, The Conduct of Life), 

The mere statement that a system “never twice passes through the same 
state” is, in itself, insufficient to distinguish between evolution as a “ progress,” or 
merely a “ changeful sequence,” to use the apt phrase of Prof. J. A. Thomson in 
The Wonder of Life, 1914. It is insufficient to define the direction of evolution. 
This direction is indicated by the more definite statement that the system passes 
from less probable to more probable states, A rigorous proof of this latter 
principle seems to be given only for certain special kinds of systems, 

* **Un corps vivant qui reste vivant, suit toujours, quel que soit le 
derangement qu*il a subi, la loi qui defini Pequilibre stable. Il est done en 
etat d^equilibre stable; la stabilite de cet equilibre rdsulte de ce qu’une certaine 
fonction de ces ei&nents est k un maximum” (Le Dantec, La SiaUUnde la Vie, 
1910, p. 25). 
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variables and the parameters appearing in them.‘ Until this 
is done the mere statement that such functions exist is of 
little value, except, perhaps, as pointing a certain direction 
for inquiry. Needless to say, the statement that such func¬ 
tions, relative to a system in the course of organic evolution, 
exist, lacks entirely the rigorous basis on which rest the conre- 
sponding propositions regarding the evolution of physical 
systems under certain clearly defined conditions. 

It seems, therefore, worth noting that a process of organic 
evolution, when viewed or comprehended from a certain 
standpoint, falls naturally within a definite category or class 
comprising also that group of physical phenomena termed 
“ change of state.” * The fit is so complete that the_ same 
general method of analytical treatment can be applied, without 
distinction, to the entire category; and certain general con¬ 
clusions relating equally to “ change of state,” as ordinarily 
imderstood, and to certain phenomena in an evolving organic 
system, follow in natural course. 

This viewpoint is gained by regarding the evolution of the 
S3rstem under consideration as the redistribution of matter 
among the components of the evolving system. 

In the case of an ordinary physico-chemical system, for 
example, the system may consist of the three components’ 
Ha, Og, H^, and in the course of the evolution of the system, 
matter redistributes itself among these components in accor¬ 
dance with a certain S3rstem of differential equations: 

x„ x,‘. P, T) ' 

^ =^F^X,, X., X,) P,T) ■ (I) 

= Fixi X„ X,; P,T) . 

^ Similar remarks apply to various attempts to apply to biological systems the 
Principle of lie Chatelier. Inasmuch as this principle itself derives its validity 
from the second law of thermodynamics, its application can be regarded as 
established only for those systems and for those variables and parameters which 
we are competent to-day to treat by thermodynamical methods* The principle is 
quite meaningless unless the particular variables to which it is applied are clearly 
stated* Even then, and in the case of simple physical systems, the application of 
the principle is very liable to errors, of which the literature gives ample illustrk- 
tion. (See Ehrenfest, ZHtschn Jiir Phys, Chem.^ 19x1, vol. Ixxvii, p. 735 ; Wol- 
chonslsy, Jour. Russian Phys. Chem. Soc^ 1912, vol. xliv, pp* 305, 310; Chwolson, 
Lehrhuch der Phys.^ 1909, voh iii, p. 547 \ Bancroft, Jour. Amer. Chem. Sac., 
1911, p. 92; Fournier d’Albe, Contemporary Che^ntstry^ igUf p. 38; Ldwy, 
JCosmos^ igiij p. 331; Le Dantec, La Siabiliti de la Vie^ 1910, p. 25 ; Spencer, 
First Principles, chap* xrii, section 173, Burt's Edition, p, 433). 

» This tenn is here used in a general sense, to include also change of state by 
chemical reaction. * Not necessarily independent* 
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where Xi = mass of H*; Xt = mass of Oa; Xg = mass of 
HaO ; p — pressure ; T = temperature ; t — time. 

Among reactions ordinarily considered, the form’^of ^the 
functions F is commonly given by the law of mass action. 

In the case of organic evolution, we have a system com¬ 
prising a number of different species of organisms, and also 
other components. We may denote the mass of these several 
species and other components, Sx, Sa, . . . by X^, Xa. . . X^. 
The state of the system may be thought of as defined by 
statement of the values of these variables X ; and, further, 
of certain parameters. Pi, Pa . . . P„ which measure climatic 
conditions, extension-in-area, etc., of the system ; lastly, of 
certain other parameters, ^1, . . Q^, which define the 

character of each species, this character being, in general, 
variable with time as evolution proceeds. 

It is reasonable to make the very broad supposition that 
the progress of redistribution of matter (evolution) in this 
system takes place in accordance with a system of differential 
equations : 


Ufjrx 1 

• . . X ^; Pi, Pa, ... P#; Qn 02, . . . \ 

^■§=F^XuX.,...X^-, Px,Pg,...P,; 

^ =F^{Xr,X^.,.X,; Px,P.,...P,; Q^, Q., . . . Q.)) 

which is merely a more general form of the system (i). 

The r 61 e played in evolution by the changes in the para¬ 
meters Q — i.e., the changes in the character of the evolving 
species of organisms—is of such • absorbing interest that in 
common conception this alone has almost come to be regarded 
as evolution. 

In a systematic treatment of the subject from the point of 
view here set forth, however, it will be seen that this matter of 
the change of the parameters Q forms only one special sub¬ 
sidiary problem within the broader general problem. Further¬ 
more, this subsidiary problem repeats, within its own borders, 
the general character of the broader problem. 

This becomes apparent when we define the _“ character ” 
of a species in a statistical way. Such definition takes the 
following form : 

Let the total mass of the species S, be X,. 

Let pH pi ... prh& parameters, measu^g certain char¬ 
acteristics («.g., stature, mass, etc.) of individual units (organ¬ 
isms) of the species. 

27 
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Let be such a factor that 

Xf c.(ffl)Aoi> = Xt p%,. .. )A^i, A/)a. . . A/>, (3) 

gives the mass of that portion of the species for which the 
parameters pi, pi ... p, are comprised within the limits 


pi and pi + A^i' 
pi and pi + A^a 


p, and p, + ^p. 


( 4 ) 


The increments Ap may be infinitesimals if the conditions of 
the case commend such choice. 

The character of the species being thus defined, it is evi¬ 
dent that evolutionary change in character of the species is 
only one aspect of the redistribution of matter in the system 
comprising that species—^it is that particular phase of the 
redistribution which occurs within the confines of the species 
itself. We may speak of this phase or part of organic evolu¬ 
tion as intra-species or intra-group evolution. 

In contradistinction with this we may speak of the phase 
of evolution to which the system of equations (2) refers as 
inter-species or inter-group evolution—•*.«., the redistribution 
of matter among the several species of matter of which the 
system is composed. 

The relations which connect the several factors of intra¬ 
group evolution are evidently more complex than those which 
exist between the factors of inter-group evolution. 

It is therefore expedient to consider the latter first. 

We are thus led, primarily, to a consideration of the system 
of differential equations (2). 

In physico-chemical dynamics it is customary to study 
processes taking place at constant pressure and temperature, 
or at constant volume and temperature. 

We shall here introduce a similar restriction, and consider 
the case of inter-group evolution taking place at constant 
parameters P {e.g., constant extension-in-area and constant 
climatic conditions). 

Furthamore, a simple case which naturally invites first 
attention is that in which the changes in the parameters Q (in 
the character Q of the several species) take place very slowly 
as comp^ed with the chafes in the variables X—i.e., as com¬ 
pared with the changes in the distribution of matter among 
the several spedes. 

Ill this case we may, as a first approximation, regard the 
Q s also as constant. 
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For the purposes of our present discussion we may, then, 
write: 


X., . . . j?-.) ' 

^ X., . . . X.) 

-X,.) . 


( 5 ) 


We define C,, Cs, . . . C« by the relation 

■Fi(Ci, Cs, • . . C,) = Fs(Cj, Cs, . . . C„) 
■^«(Ci, Cs, . . . C,) = O 

and introduce new variables 
so that 

X, V 

=/,(«l, *s, . . . »,) 


( 6 ) 

( 7 ) 

( 8 ) 


We shall assume that the functions / are analytic, and 
write 


dx 

= anXx + ai)Xi + . 
+ 4" ^t9sa;s“ + 


+ 


( 9 ) 


Omitting the discussion of spedal cases,’ a general solu¬ 
tion of the system (9) is, 

Xi— a<se^-^-f • • • + a^se^*’ • *->'-f ... (10) 

where the exponential coefficients ... X, are the n 

roots for X of the equation 


A(X) = 



— X • • • 

“ 1 , 

«n 

ei. 

1 

1 

. ®aii 


• 

«« 


-o (n) 


and the coefficients a are determined in well-known manner.* 
Marks of Irreversibility .—The question now arises. Where 
in our equations and in their solution do we find the earmarks 
of irreversibility? 

’ Such as the case when the determinantal equatioa (ii)has multiple roots. 
This offers no special difficulties, but is here oimtted for the sake of brevity. See, 
for example, Picard, TraiU d’Analyse, vol. iii, p. 30. 

* See, for example, Webster’s Dynamics, 1912, pp. 159,161, 
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Considering, first of all, the system of equations (9) we 
see directly that the velocities ^ vanish with the co-ordinates x. 

Again, by differentiating (9) repeatedly, it is seen that 
the second and all the higher derivatives also vanish together 
with the first (and with the co-ordinates themselves). 

This vanishing of the accelerations with the velocities is, 
of course, t3rpical of an “ inertia-free ” or “ completely damped ” 
system.' 

On the other hand, the solution (10) appears at first sight 
very similar in form to that obtained in the treatment of 
small oscillations according to Lagrange. Such small oscil¬ 
lations are not in general of the completely damped (inertia- 
free) type; they may not be damped at all, in which case 
they represent a reversible process. 

There is, however, one essential difference which distin¬ 
guishes the solution (10) here obtained from the solution of 
the Lagrangian problem. In the latter, with a system requir¬ 
ing for its definition n co-ordinates, there appear in the solu¬ 
tion 2K arbitrary constants; on the other hand, in the case 
here considered, with n co-ordinates, there appear only n 
such constants in the solution. This fact is closely related to 
the fact that in a system possessing inertia it is, in general, 
necessary, in order to specify the state of the system, to give 
the values, not only of the co-ordinates, but of their first 
derivatives (velocities) also. 

On the other hand, in an inertia-free or completely damped 
system, such as we have here been considering, after the co¬ 
ordinates are fixed, the velocities are no longer arbitrary, but 
are fully determined. This fact finds expression ab initio in 
equation (2) above, in which it is understood that the para¬ 
meters P, Q do not include initial values of the first deriva¬ 
tions of the X's. 

Equilibrium defined by Minimum Condition .—In mechanics 
and thermodynamics the condition for equilibriuxn commonly 
takes the form that certain functions (potentials) of the vari¬ 
ables defining the state of the system assume a minimum 
value. 

As already remarked, the phraseology thus borrowed from 
mechanics and thermodynamics has been applied to bio¬ 
logical systems, though no attempt has been made to give 
such expressions the analytical form without which they 
seein valueless or even meaningless. 

As OUT reflections here have been conducted along ana¬ 
lytical lines, the question arises whether they enable us to 

^ See Buckingham, T/iermodynamics^ 1900, p. 33. 
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formulate the condition for equilibrium in precise terms and 
in form of a minimum or maximum condition. 

We note, first of all, that the condition for equilibrium is 
given by (6) in the form 


F^=:F2 = ... =0 (6) 


ue., the equihbrium values of the n variables Xj, Xs ... X^ 
are defined by the vanishing of n given functions of these 
variables. 

But evidently the same result can be achieved by stating 
that some arbitrary function $ («„ jcj, . . . x,) has a mini¬ 
mum or a maximum when Xi, X3, . . . x„ have their equi¬ 
librium values ; for then we have, for these values. 


_d^ _ _d^ 

dxi dxs ~ ~ 


(12) 


i.e., as before, the equilibrium values of the variables x are 
determined by the vanishing of n functions of these variables. 

We can go a step further and select the function $ so that 
it will have a maximum at the origin if, and only if, the equi¬ 
librium at the origin is stable. This will, for example, be the 
case if 

^ •+•...+ (13) 

where /^i, /it, .. . /i„ are the real parts of the roots X of the 
equation (ii). 

It can be seen by inspection ‘ of the solution (10) that a 
necessary and sufficient condition for stability at the origin 
is that the real parts of all the roots \ shall be negative— i.e., 
that the quadratic form ^ shall be definite and negative, so 
that ^ has a maximum at the origin. 

As an illustration we may consider an example taken 
from Sir Ronald Ross’s Quantitative Studies in Epidemiology ® 
—namely, the equations representing the history (evolution) of 
a system comprising the three species : man—anopheles 
mosquito—^malaria parasite. 

Here Sir Ronald Ross develops the system of differential 
equations 

J = kYip -g) +qg ~ Fi{g, a') ^ 

f (^4) 

= kz{p' - g') + q'g' = F^g, g') I 

^ For a rigorous discussion of the conditions of Stability, see Poincard, /Iffur. 
MaiJiim.s ser. 4, vol. ii, chap, xvii; also Efuyc, des ScL ii, pt. 3, fasc, i 

* Nature^ October 5, ipn, p. 466; February 8, 1912, p 497. 
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Following the procedure set forth in dealing with the 
general case, we first put 

=0 (is) 

One solution of (15) is 

s — St' —o (16) 


It is not, however, this point of equilibrium in which we 
are interested, but the one ^ven by the other solution of 
(is), namely 


s 


kh'pp' 

~Wp' 



s' = 


kk'pp' — qq' 
k\kp - q') 


= a 


(17) 


Accordingly we introduce as new variables 


and obtain 


Xi = z —Cl 

»» = s' — Cs 


^=iq- k'Ci)xi + k'ip - Ci)xi- k'xixiy 

== k{p' - Ci)xi + {q' - kCi)xi - kxix^ J 


(18) 


(19) 


or, in the notation of our general discussion, 


dxi 

df 

dXa 

di 


= dllXi “I" dii/ICi -f* ttiii^iXt ' 
■" djxSSx d* ChioXi "h Ct^ii^iXi ) 


(30) 


Assuming now, for the sake of illustration, that the con¬ 
stants in (19) are capable of assuming all kinds of values, 
we may distinguish the followup cases : 

1. Case in which the roots X,, X,, of (ii) are real (and dis¬ 
tinct). 

The determinantal equation (ii) here takes the form 


<®u — X 
Om 


(hi 


SSS O 


(21) 


In the immediate neighbourhood of the origin the product 
tenns in (20) are negligible. 
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By a well-known homogeneous linear transformation* we 


= OiXi + OaXa 
= fiiXi + /3aXe 


can transform (20), omitting the product terms, into 

dt - * I 

m 

where Xi, Xa are the roots of (21). 

From (23) it follows, firstly, that 


and, secondly, that 


Hence, by addition. 


(22) 


(23) 


d^a X* fa 

(24) 

h = 

( 2 S) 

t ^ —it-. 

(26) 

= 

(27) 


where R is the radius vector of the point fifa in a diagram 
in which these two variables are plotted as rectangular co¬ 
ordinates. We thus obtain a graphic interpretation of the 
quadratic form \ii -h Xaf|. The topography ® of .the in¬ 
tegral curves (25) near the origin is in&cated in fig. i for 
Xi <0, Xa <0 (stable equilibrium); in fig. 2 for Xs> o, Xs> o 
(unstable equilibrium); and in fig. 3 for Xi )> o, X, < o (unstable 
equilibrium). The arrow heads indicate the direction of travel 
along the integral curves according to (27). 

2. Case of Complex Roots .—^Here we write 


Xi = /* 4 - iv 
Xj = — iv 


(28) 


* See, for escample, Liebmann, Lehrbttch der DifferenHaigldchungea, pp. 99, 
131. 

* Compare Liebmann, loc. cit.; also von Dyk, Akad. Wiss. MmM Sitzungs- 

ber.f 1909, Abb. ij 5 MmdckAbhcatdlitngm, 1914, vol. xxvi, Abb. 10; also Sharpe 
Am. ser. a, voL ii, 1910, p. 97. 




Fig. 4. Root? X complex ; 
< o. Stability. 


Fig. 5. Roots X complex; 
> 0, Instability. 


Summary .—It has been pointed out by biolo^ts that 
organic evolution is an irreversible process. Physicists also 

* See, for example, Liebmann, Lehrbueh dtr Differentialgleichuttgen, pp. 99, 
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have spoken of the second law of thermodynamics broadly 
as the law of evolution. 

In inorganic physical systems irreversible processes are 
attended with a decrease in certain functions of the variables 
defining the state of the system. Stable equilibrium is char¬ 
acterised by the fact that these functions assume a minimum 
value. 

In the case of organic systems we have not, in general, 
any such definite criteria for irreversibility or for equilibrium. 

In the present contribution a broad formulation of evolu¬ 
tion, organic or otherwise, is presented in analytical form. 
From this it is shown that, for certain cases, functions of the 
variables X and the parameters P defining the state of the 
system, and of the coefficients a defining its characteristic 
properties, can be indicated, which have the property, in the 
neighbourhood of stable equilibrium, of diminishing in the 
(irreversible) process of the evolution of the system, and of 
assuming a minimum when stable equilibrium is established. 

In these cases, therefore, it is possible to define in exact 
terms the direction of evolution, whereas the descriptions 
ordinarily given of this direction (passage from lower to higher, 
from simpler to more complex forms, etc.) are vague or in¬ 
accurate. 

By the way of example, the principles thus established 
are applied to the system of equations given by Sir Ronald 
Ross to represent the history (evolution) of a system com¬ 
prising a human population, mosquitoes, and malaria para¬ 
sites. 



RHYTHM IN NATURE 

Bv 1 <'. W. JLATTELY, 

SeMiOt Jl^^ 2 stant in 7oolooy^ Univt.7ittv, 4benhejt 

That so many phenomena in Nature should be of a recurrent 
or periodic type is not surprising when we consider that the 
earth on which we live forms part of a rhythmic universe. 
From the biological point of view, however—and it is with the 
biological aspects of rhythm that the writer is concerned—these 
phenomena, though possibly all of the same nature funda¬ 
mentally, must, for practical purposes, be regarded as of two 
distinct lands. 

We have, in the first place, the numerous cases of periodic 
behaviour in response to, or imposed by, external factors of a 
cosmic nature, such as the alternation of night and day, the 
regular and ever-recurring sequence of the seasons, the ebb 
and flow of the tides, and so on. Here the mainspring of the 
rhythm is obviously external. In contrast to this, however, 
are the cases of the second type in which the rliythm is not 
dependent on the environment, but is of an intrinsic or vital 
nature, and corresponds to something inherent in the organism. 

The periodicities of this latter type may all be regarded 
as identical except as regards the time factor. They are of 
the nature of age-cycles. 

In temperate countries, where the difference between the 
seasons is very marked, the periodical phenomena of plants 
and animals take place at about the same time in all species. 
With us, in consequence, the seasons have come to typify 
the chief stages in the life-cycle of plants and animals. Not¬ 
withstanding this, the phenomenon of an agc-cyclc must be 
regarded as something intrinsic in the organism and not merely 
as the result of environment, the synchronising of the stages 
of the age-cycle with the seasons being of a secondary nature. 
“ In Europe,” says Bates,‘ ” a woodland scene has its spring, 
its summer, its autumnal aspects. In the equatorial forests 
the aspect is the same or nearly so every day in the year: 
buddi^, floweriig, fruiting, and leaf-shedding are always 
going on in one species or other. The activity of birds and 

* Bates, H. W., Tke nai$tralisi on Ameaons. 

4x8 
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insects proceeds without interruption, each species having its 
own separate time; the colonies of wasps, for instance, do 
not die off annually, leaving only the queens, as in cold cli¬ 
mates ; but the succession of generations and colonies goes 
on incessantly. It is never either spring, summer, or autumn, 
but each day is a combination of all three.” 

The age-cycle, with its sequence of birth, growth, maturity, 
decay, and death, is the most typical and most inevitable 
phenomenon in Nature. It is not only the normal sequence 
in the organism as a whole, but the phenomena of senescence 
and rejuvenescence are continually being repeated within the 
organism. These internal periodicities are of essentially the 
same character as the age-cycle of the organism, except as 
regards the time factor. “ In cells,” says Child,* " where 
function is accompanied by extensive accumulation and dis¬ 
charge of substances, such, for example, as the gland cells, 
storage cells, etc., the cycles of activity and morphological 
change are essentially age-cycles—that is to say, the period 
of loading of the cell is a period of decreasing metabolic activity, 
of senescence, and the period of discharge one of increasing 
activity, of rejuvenescence, which makes possible a repetition 
of the cycle.” In the pancreas of the toad, for example, the 
cells, when ready to secrete, are loaded with granules, and in 
this condition arc only very slightly active metabolically. As 
the cell secretion is discharged, the granules gradually dis¬ 
appear to a point when they are practically absent. In this 
condition, the cell is ^ain capable of a high rate of metabolic 
activity ; if nutrition is present, the process of loading occurs 
once more. This cycle of changes, which may occur within a 
few hours, and which may be repeated within a single cell. 
Child believes, is not fundamentally different from the age- 
cycle of organisms. It exhibits all the essential features, up 
to a certain point, of senescence and rejuvenescence. The 
cell undergoes changes similar to those of the age-cycle, though 
their period is short. At the same time, as Child says, tibe 
gland cell may be undergoing senescence in the stricter sense 
—that is to say, changes in the more stable framework of the 
protoplasm may be occurring which are not wholly compen¬ 
sated by the functional cycle. 

According to Benjamin Moore,® the living cell may be 
regarded, from the physico-chemical point of view, as a pecu¬ 
liar energy transformer: chemical energy in the Kving cell 
being converted by the colloidal structure into biotic energy, 


* Child, C. M., Senescence and Rejuvenescence, (University of Chicago Press, 

^ ^ Benjamin Moore, 7 %e Origin eend Nature of life. (London: Williams and 
Notgate, 1912.) 
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this latter being convertible into mechanical energy, electrical 
energy, heat energy, or chemical energy. Like all energy 
transformers, living cells have their phasic periods or revolu¬ 
tion time in which they pass through a cycle or oscillation, 
the period varying from one type of cell to another. 

The contraction of the heart is an example of a vital 
rhythm which can escape nobody. The series of movements 
taking place in the heart during one complete beat constitutes 
what is known as a “ cardiac cyde.” This, again, is essentially 
an age-cycle, although the rapid recovery after fatigue tends 
to obscure its real nature. Disregarding the immediate causes 
underlying the repetition of the cycle, the point to notice is 
that rhythm is associated with efficiency. The rhythmic 
method represents the best means of accomplishing a purpose, 
and may, in fact, be regarded as an evolutionary goal towards 
which all life processes are tending. To take a concrete 
example: It is certain that the circulation in vertebrates is 
both a more orderly and a more effident process than the 
flow of blood in an animal, let us say, like an earthworm. The 
correctness of this view of coupling rhythm with effidency is 
supported by the phenomenon of the disordered and arhythmical 
action of the heart and lungs in disease. The loud “ bourdon ” 
of the endues at a power-station conveys a most distinctly 
rhythmic impression, and a practised ear can readily detect 
the smallest of functional troubles by the modification of the 
normal rhythmic note. 

We now turn to cpses of periodidty of the external type. 

It is well known that not a few diseases, particularly those 
like malaria, produce markedly periodic symptoms. It is an 
interesting fact, however, that not only does the malarial 
parasite itself show regular development cycles within the 
organism, but the mosquito, the carrier of the parasite, is 
markedly periodic in its habits. Some interesting observations 
have been made on the flight of the mosquito in the course 
of the construction of the Panama Canal.‘ Gatun, about 
seven miles south of Colon, is one of the largest settlements in 
the Canal zone. Between January and March 1913, more mos¬ 
quitoes were found there than in any settlement since the 
beginning of work on the Canal. The weekly catch of Anopheles 
was from 7,000 to 20,000. Just to the south of Gatun is a 
lake which seaned a likely breeding-ground for mosquitoes, 
but it was soon found that they did not have their origin here. 
To the west of Gatun, across a part of the old French canal, 
there was some flat land into which sea-water and mud from the 
American canal were being pumped. This land was so located 

* LePriaceJj, A. and Orenstein, A. 'i.^MosquitoCotUrolin Panama. (London ; 
Piitnatn, 1916.) 
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that, to reach the settlement, adult mosquitoes would have 
to fly from half a mile to a mile across, or at right angles to, 
the stiff breezes which prevail at Gatun. It was eventually 
discovered “ that a regular purposive flight of mosquitoes to¬ 
wards the town took place in the evenings before nightfall from 
6.30 to 7 p.m. After dark the flight was reduced to prac¬ 
tically nothing. During the period of flight, the observers 
were bitten continuously. After the flight ceased, the observers 
were bitten only once or twice in an hour’s time. A return 
flight began at 6 a.m. and took place with extraordinary 
rapidity. As daylight became stronger, the speed of the 
returning Anopheles increased. The termination of both 
forward and return flights was remarkably abrupt. One 
observer said the flight stopped with almost mechanical pre¬ 
cision when there was too much daylight or too much dark- 
ness.” 

Willey * records an interesting example of periodic habit 
occurring among crows and so-called “ flying foxes ” (really 
fruit-eating bats) on the coast of Ceylon. At one place, a 
small lighthouse islet off the coast of Ceylon, they congregate 
in the palm-trees alternately by night and by day. “ At 
sundown,” says Willey, ” the passage of immense flocks of 
crows and fl3dng foxes in opposite directions across the strait 
which divides the island from the mainland can be witnessed, 
the former bound for the island to rest for the night, the latter 
speeding their way to the mainland intent upon their nocturnal 
forage. . . . The reverse passage—namely, the matutinal 
flight—takes place towards sunrise, the bats returning from 
the mainland to rest for the day suspended in rows from the 
midribs of the palm-leaves, the crows crossing over on their 
daily quest for garbage.” As a result of these markedly 
periodic habits, the two classes of animals are able to make 
their homes in the same trees, without in the slightest degree 
interfering with each other. 

The effect of external periodicities on the organism and its 
lichaviour is nowhere better seen than on the seashore. The 
case of Convoluta roscoffensis is perhaps too familiar to need 
much description. Convoluta roscoffensis is a minute, elongated 
flat-worm covered with cilia, and containing green algal 
cells living with it symbiotically. Its habitat is a narrow 
strip of sandy beach on the coasts of Normandy and Brittany 
situated at the level reached by high-water at the slackest 
of neap-tides. Though of very sm^ size, the woms occur 
in such enormous numbers as to fonn at low tide great 
patches of green scum. As the tide laps the edges of the 
colony the green patches disappear, the worms remaining 
* Willey, A., Cotwergence in Evolution. (London: Murray, 1911.) 
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beneath the surface till the next ebb-tide. Twice during 
24 hours the zone occupied by the colonies is submerged and 
the animals live in darkness underground, and twice the zone 
is uncovered and the animals rise to the surface. I'he burrow¬ 
ing reaction is due to the necessity of avoiding extenniiiation 
by wave-shock, the upward movement is determined by the 
presence of the algal cells and their light requirements. The 
^g-laying of Convoluta roscoffensis is also periodic, and is 
related in a remarkable way to the rhythm of the tides. Egg- 
laying begins with the onset of the spring tides and continues 
for a week. The reason for this is as follows : In the summer, 
the time of year when these observations were made, the 
low-water of spring tides at Roscoff occurs about midday and 
midnight.* When, however, the zone occupied by the Convo- 
lutas is uncoyered during the night-time, the animals in the 
absence of light do not rise to the surface. Hence, during 
the spring tides, the worm has an uninterrupted period of 
some 18 hours in which to lay its eggs. Experiments in the 
laboratory have shown that egg-la3ning reaches its maximum 
when the animals are not obliged to come to the surface twice 
in 24 hours—that is to say, when they can have the longest 
possible spell of darkness; in other words, the conditions 
most favourable to egg-la5dng occur when the moon is full or 
new— dL. remarkable example of the effect of the tides on the 
habits of shore animals. 

Shore animals like the common periwinkle, for instance, 
are submitted to a double periodic influence : the rhythmic 
ebb and flow of the sea and the alternation of day and 
night. The existence of periwinkles comprises regularly alter- 
natim^ periods of active life in the water or moist air (at high 
tides) and periods of suspended animation within their shells. 
This constant reaction to the tidal rhythm is not without a 
profound influence on the functions of the organism. For in¬ 
stance, inert periwinkles, even in a dry environment, can be 
reactivated by shaking; but, according to Bohn, the reactiva¬ 
tion occurs much more readily at certain times and hours. 
Bohn® states that if a collection of these molluscs has been 
isolated for a certain length of time in a laboratory, it is easily 
demonstrated that, at periods of low tide, one has to shake 
muA longer to produce the reactivation than when the tide 
is high. That is to say, the periods of inertia in the laboratory 
correspond to the periods of desiccation on the shore. 

The impress of the external rhythm on the organism is, 

* Keeble, F., PUmt-AmmaJs. (Cainbridg:e: University Press, 1910.) , 

* Bohn, Georges, Institut PsyeJiologiqiu: Travail au Grouse d'Etude de 
P^OMlogte zootogique, Mfmoire 1 : AtiraeUons ei Oscillations dcs Animaux 
manm sous VinfStena de la lutm'ire, (Paris, 1905.) 
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of course, not permanent, but becomes gradually weaker with 
the passage of time. Numerous similar cases occur, both in 
plants and animals, but the above are sufficient for our purpose. 

It is common knowledge that in many animals the colour 
is not fixed, but varies according to the hue of their surround¬ 
ings. This power of colour change has been investigated 
most minutely in the case of the .^Esop prawn {Hippolyte 
varians).^ The colour of this crustacean is extremely variable, 
the change in coloration being brought about by the expansion 
or contraction of masses of pigment. The cells in which the 
pigment is situated are very irregular in form, with branched 
processes. On appropriate stimulation, the pigment flows out 
along these branching spaces in such a way that what was 
a mere pin-point of pigment becomes spread out over a wide 
surface. The result is a change in coloration. The iEsop 
prawn owes its colour to three pigments—^red, yellow, and 
blue. In the daytime, the many changes of colour, in response 
to varying surroundings, are due entirely to the red and yellow 
pigments. At nightfall the colour of Hippolyte, whatever it 
majr happen to be at the time, changes to a transparent azure 
blue, this blue colour being replaced at daybreak by the 
prawn’s diurnal tint. The JEsop prawn thus exhibits rhythmic 
colour-change corresponding to the transition from light to 
darkness and vice versa. 

So far the cases we have been considering of rhythmical 
behaviour are all of a clear-cut and simple kind, being directly 
due to the succession of the seasons, the regular alternation 
of night and day, the ebb and flow of the tides, etc.; moreover, 
the nature of these latter phenomena is also well understood. 
On the other hand, the causes underlying the now well-estab¬ 
lished cyclical changes of climate are not only themselves 
decidedly more complex, but there is still a great deal to be 
learned about their effects in relation both to animals and 
mankind. 

'I'he first t3rpe of climatic change, and the best known, is 
that of the Glacial Period. It is now known that the Glacial 
Period was not a continuous period of intense cold, but was 
punctuated by epochs in which the weather was much warmer, 
and when the retreat of the ice-sheet allowed many animals 
and plants to regain, temporarily at any rate, the ground they 
had been obliged to cede. These fluctuations of climate are 
believed to have affected the whole world simultaneously, and 
it is certain that the whole of the Northern Hemisphere was 
affected. 

The second type of climatic charge is less familiar, having 
* Keeble, F. and Gamble, F. \V., PMl. Trans. Roy. See., B, vol. otcvi. (London, 

1904-) 
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been only recently established. Bruckner, Clough, and others 
consider that the whole world passes through a climatic cycle 
once in every thirty-six years. At one end of the cycle the 
climate of continental regions for a period of years is unusually 
cold and wet, with relatively frequent stonns; at the other 
the climate is warmer and drier, with high barometric pres¬ 
sure and few storms. The extremes of low temperature are 
ascribed, somewhat paradoxically it may seem, to periods of 
ma-dmiim solar activity as shown by the number of sun-spots 
and the rapidity with which they are formed. 

The Swedish hydrographer, Petersson, has published data 
showing the importance of these climatic cycles to the study 
of hydrography, and thence to the study of fish-migrations. ‘ 
Increased solar activity results in oceanic circulation being 
more intense. As a result of this, the Baltic, the water of 
which is normally distinctly brackish, receives a greater quan¬ 
tity of salt water from the Atlantic. Owing to the increased 
oceanic circulation outside, large quantities of water are 
pumped into the Baltic through the narrow neck between the 
Skager Rack and the Kattegat. As a result of the increased 
salinity of the Baltic, the herring shoals are enabled to extend 
their migrations to this sea, which is normally closed to them 
owing to their intolerance of water with a low salt content. 
The times of the appearance of herring in the Baltic thus 
correspond to the periods of increased solar activity; in other 
words, the appearance of herring in the Baltic is a regularly 
periodic phenomenon. 

A recent American expedition to I'urkestan has brought 
to light regular cycles of wet and dry climate in this region.® 
One of the most convincing pieces of evidence of these climatic 
cycles is furnished by the changes of level which can be traced 
in the waters of the Lop Nor basin, a huge enclosed area about 
three times as laige as the British Isles, situated in the heart 
of the Asiatic Continent. The periods of drought result in 
periods of famine which cause the nomadic races, which live on 
glands too diy for agriculture, to migrate and so come into 
conflict with the peoples of more favoured regions. The 
wave so started, say in the centre of Asia, propagates itself 
in ever-widening ripples, the most remote of which may even 
be the cause of a commercial crisis as far away as the United 
States. Anyone who has lived for a few years in Southern 
Italy cannot fail to marvel how the old Romans could ever 
have achieved so much if the climatic conditions were as 
enervating as they are now. But evidence is forthcoming to 
show that such was not the case. 

‘ Petersson, Otto ,Der FixherboU, III, Nr 7,8,9. (Hamburg, 19H.) 

Bllsworth HuntingtoiXy Puise of Asia* (London ; Constable^ 1907.) 
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The historian, Gibbon,* mentions two remarkable facts 
which tend to show that the climate of Europe in Roman 
Imperial times was much colder than it is now. The Rhine 
and the Danube were frequently frozen over and capable of 
supporting the most enormous weights, a thing unparalleled 
in modern times. In the time of Caesar, the reindeer, now 
confined to the area around the Poles, was a native of the 
Hercynian forest which then covered a great part of Germany 
auid Poland. To quote Mr. Huntington : “ Apparently the 
climate of the earth is subject to pulsations of very diverse 
degrees of intensity and of var3ring length. The Glacial 
Period as a whole represents the largest type of pulsation; 
upon it are superposed the great pulsations known as glacial 
epochs, each with a length measured probably in tens of thou¬ 
sands of years ; their steady progress is in turn interrupted by 
smaller changes of climate such as those of which evidence has 
been found during historic times in Central Asia; and, finally, 
the climate of the world pulsates in cycles of thirty-six years." 

In spite of the undoubted influence of climate, it would 
seem that the growth and decay of successive civilisations is 
in great part a biological phenomenon analogous to the age- 
cydes referred to above, although the matter is evidently far 
too complex to allow one to generalise with safety. 

According to Prof. Flinders Petrie,® as quoted by Spurrell,* 
" there have been ei|;ht distinct periods of civilisation in 
Europe, from the earhest dawn of civilisation in Egypt, the 
duration of each period tending to be longer than its prede¬ 
cessor ; and the intervals are marked by an inrush of barbarian 
races and an interlude of destruction and admixture of blood." 
Prof, Petrie founds his analysis of dvihsation on sculpture, on 
the OTOunds that sculpture is available over so long a period 
and is so easily presented to the mind. In the sculpture ot 
every period can be seen the same sequence of growth and 
decay. The archdc stage, in spite of crudity, is invariably 
marked by boldness and vigour. Next, the treatment loses 
its archaic character and becomes more free, the details being 
more skilfully subordinated to the whole. From this point 
the period of highest achievement is soon reached: all traces 
of archaism have disappeared, inspiration is still powerful, 
and workmanship weUnigh, sometimes entirely, perfect. After 
this the treatment tends to become over-elaborate, the inspira¬ 
tion is lost, and a period of unintelligent copying ensues, fol¬ 
lowed by one of degradation and ultimate decay. 

* Gibbon, E., Decline and Fall of ike Roman Emfire^ chap. I. 

* Flinders Petrie, W. M., The Revolulions of Civilisation^ (London: Harper, 
X912.) 

* Spurrell, H# G. F., Modem Man and Mis Forerunners, (London: Bell, 1918.) 
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Civilisation is an intermittent phenomenon, its growth and 
fall being comparable to summer and winter in Nature. Prof. 
Petrie snows how this analogy was familiar to the ancients 
under the guise of the “ Great Year,” the Etruscans speaking 
of the Great Year as the period of each race of men that should 
arise in succession. He makes the following quotation from 
Plutarch’s Life of Sulla, which refem to the close of the 
Etruscans’ own period of i,ioo years, in 87 b.c. : “ One day, 
when the sky was serene and clear, there was heard in it the 
sound of a trumpet, so shrill and mournful that it frightened 
and astonished the whole city. The Tuscan sages said that 
it portended a new race of men, and a renovation of the world, 
for they observed that there were eight several kinds of men, 
all differing in life and manners ; that Heaven had allotted to 
each its time, which was limited by the circuit of the Great 
Year; and t]^t when one race came to a period, and another 
was rising, it was announced by some wonderful sign from 
either earth or heaven. So that it was evident at once 
to those who attended to these things, and were versed in 
them, that a different sort of man was come into the world, 
with other manners and customs, and more or less the care of 
the gods than those who had preceded them. . . . Such was 
the mythology of the most learned and respectable of the 
Tuscan soothsayers.” 

From the foregoing examples it becomes evident that life, 
in its main aspects, is essentially a rhythmic phenomenon. 
The essence of rhythm being order, it seems, indeed, inevitable 
that, with the progress of time, all biological phenomena of 
importance, whether concerned with the inner functioning of 
the organism or with its behaviour ha relation to the outside 
world, should tend to become increasingly rhythmic in char¬ 
acter. 

Finally, it should be evident that the sense of rhythm, which 
forms so large a part of the pleasure conveyed by all the 
higher forms of art, i^ults from the successful expression by 
man of his appreciation of the order and measured flow so 
diaracteristic of his own nature and of the world about him. 
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PART III ^ 

In our e^lier articles we have pointed out that as regards 
preservation in cold storage, foods fall into two groups, those 
in which the material is held above the freezing-point, and 
those in which the food is kept in the frozen conation. As 
examples of the former we have selected fruit and chilled 
beef, both of which present their special problems. In this 
article we shall confine our attention to the special problems 
presented when food is preserved in the frozen concfition. 

There are several advantages in keeping produce in the 
frozen as contrasted with the chilled state. Not only does the 
lower temperature reduce considerably the rate of chemical 
reactions which produce deterioration of the material, but the 
growth of micro-organisms in the solid condition is inhibited 
or takes place with extreme slowness. In consequence frozen 
material can be Kept in cold storage for a much longer period 
than produce kept in the unfrozen condition. This may be of 
the utmost economic importance, for when it becomes possible 
to substitute freezing for chilling in the cold storage of any 
food substance it may increase indefinitely the distance over ■ 
which such food materials may be conveyed. This can be made 
clear at once by reference to the case of beef. In the chiUed 

* The scope of this article was planned by both authors at the same time as 
that of the earlier articles in this series. Owing to illness abroad Mr. Jdrgensen 
has, unfortunately, not been able to take part in the actual preparation of this con- 
du^ng article. For faults of presentation 1 am, therefore, done responrible.— 
W.S. 
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unfrozen condition this cannot be relied upon to last longer 
than thirty days without the risk of substantial deterioration, 
so that importation of chilled beef from places from which the 
transit takes longer than three weeks is not usually undertaken. 
If frozen beef of ^[uality equal to the best chilled beef could 
be obtained the importation of beef from any part of the 
earth could be brought about as successfully as, for instance, 
that of frozen mutton. 

Other important advantages of freezing are economy of 
space and convenience in handling. Frozen meat can be 
much more closely packed than chilled meat and requires 
much less attention, and the financial advantages accruing from 
these facts far more than compensate for any extra cost result¬ 
ing from keeping the produce at a lower temperature. 

Certain animal produce has been found suitable for pre¬ 
servation in the frozen condition, among which may be men¬ 
tioned mutton, rabbits, and some species of fish. In other 
cases where, for the reason already mentioned, it would be 
extremely advantageous to preserve the material in the frozen 
condition, freezing can be used, but produces, as a rule, a 
dedded deterioration. 

By applying scientific principles and scientific methods 
of research there is, however, every reason to believe that 
methods of freezing can be devised which will prevent deteri¬ 
oration in these food substances. In other cases, as with fruit, 
freezing has so far proved imjjossible. 

As has already been indicated, the principle involved in 
storing meat and other commodities in the frozen state is the 
replacement of the liquid water by solid ice, and in this way 
removing the liquid medium in which chemical reactions take 
place and micro-organisms flourish. Thus W. D. Richardson 
says : “ It is the solid state and not any specific temperature 
{e.g. o° C.) which is the limiting condition for growth and 
reproduction of micro-organisms.” * We have already referred 
at the end of the second part of this series of articles to the 
j)rincipal difficulty encountered in the preservation of organic 
tissue by freezing. This is, that after thawing, water which 
was previously bound in the cell contents becomes free and 
drips' from the tissue so that a loss of fluid occurs, and this 
” drip,” as it is sometimes called, may carry with it appreci¬ 
able quantities of nutritive material. This difficulty is especi¬ 
ally noticeable in the case of frozen vegetable tissue. If, for 
instance, a potato, carrot, or an apple be frozen and subsequent¬ 
ly thawed, on squeezing the tissue in the hand, water will run 

* W. D. Bichardson, “The Cold Storage of B^f and Poultry,” Premier 
Ompis latmwMmal eht Froid^ Rapports et Communiattions, vol. 2 , pp. 261-316, 
Paris, 1908. ' 
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out as it will when a wet sponge is squeezed. On this account 
freezing of fruit has so far proved quite impracticable. The 
water loss in the case of beef is not nearly so great, although 
as already emphasised, it is appreciable enough. 

The processes involved in the cold storage of meat and 
fish by freezing are (i) the freezing of the tissue, (2) its stor¬ 
age at a low temperature, and (3) the thawing (“ defrosting ’') 
of the tissue. Each of these processes is capable of a wide 
ran^e of variation. Thus the freezing and defrosting can be 
carried out with varying degrees of rapidity, while the tissue 
can be held in storage at a temperature which can vary over 
a -rode range. In practice there seems no unanimity as to 
which are the most suitable conditions under which meat or 
other material should be frozen or thawed, or as to the best 
conditions for its storage. 

Thus in Germany and other parts of Central Europe the 
general practice appears to be to hang the carcases in cold air 
at a comparatively high temperature (—4“ C. to — 8® C.), 
whereas in America and Australia and New Zealand the freez¬ 
ing chambers are kept at a much lower temperature (about 
—15° C.). A similar variation in practice exists in the tempera¬ 
ture of storage, this being usually several degrees higher on 
the continent of Europe than in America. Diversity of opinion 
also exists as to the best method of thawing. 

If a fish, for example, or a piece of meat is frozen in cold 
air and a thermometer or other temperature-measuring instru¬ 
ment placed in it so that the temperature of the middle of the 
object is measured, it is found that the temperature falls 
re^larljr until it reaches the neighbourhood of—1° C. At 
this point the temperature remains stationary for a length 
of time depending on the dimensions of the object frozen and 
on other factors, until ultimately the temperature again begins 
to fall and continues to do so until it approximates to the 
temperature of the external cooling medium. The form of the 
curve connecting the temperature of the middle of the frozen 
object and the time that has elapsed from the commencement 
of the freezing process is shown in Fig. i. This form of curve 
is quite general for all tissues, whether plant or animal. It 
holds equally well for meat, fish, fruit, vegetables such as 
carrot or potato, and indeed for any material which consists, 
from a physical and chemical poin^ of view, chiefly of water 
with a small quantity of substances dissolved in it. Thus 
similar curves are obtained in the freezing of gelatine and 
agar-agar jellies. When frozen tissue is thawed a somewhat 
similar curve is obtained. 

The freezing and thawing curves thus exhibit what may 
be termed horizontal portions which represent a period during 
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which the temperature of the object under investigation re¬ 
mains approximately constant at—C. This is the period 
during which the water in the tissue is freezing (or thawing), 
that is, during which a change in phase is taking place, to use 
the language of physical chemistry. As the great difficulty 
experienced in the preservation of beef and other food sub¬ 
stances arises from the change in the water relation in the 
tissues, great interest attaches to the changes which may 
take place during this change of phase. If these changes in 
the water relations of the tissue which occur on freezing can 
be made reversible on thawing, the “ drip ” is avoided, and 



Time 111 muiDtes. 

Fig. i.^The relation between time and the temperature of tlie middle of a piece 
of beef, weighing 15 grains, frozen m cold air at 20 ’’C. 

\ 

one of the great problems of cold storage in the frozen con¬ 
dition is solved* 

These changes in the water relation which may take place 
during the change in phase may now be considered. In the 
first place there may occur a separation out of the different 
constituents of the cell; that is, the molecules of water, salts, 
proteins, etc., which in the unfrozen tissues constitute an 
apparently homogeneous substance, may during the change 
in phase undergo a regroupii^ so that part of the water is no 
longer held boimd in the water-salt-protein complex. In this 
connection metaUui^cal work on the soUdffication of allo;^ 
may throw much light on our particular problem, for it is 
now well known that the rate of solidification of a molten 
alloy influences profoundly the structure of the solidified mass. 
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There may also arise mechanical injuries to the tissue, such as 
may result if the tissue, like pure water, should expand on 
freezing. 

It would not be a matter of much moment in practice if 
the changes which took place during freezing were absolutely 
reversed on thawing, for then the last state of the tissue'would 
be the same as the first. As a matter of fact, it is known from 
everyday experience that this is not the case. Richardson 
states that with slow thawing the changes are made reversible, 
but recent German work denies the possibility of this^taldng 
place, at any rate in the case of fish. 

Since the disturbance in the water relation of the tissues 
takes place principally during the period represented by the 
horizontal portion of the freezing curve, it would appear 
probable that shortening this period would correspondingly 
lessen the disturbance produced in the water relation, or, 
stated in other words, it is to be expected that with increased 
rate of freezing and thawing there will result a corresponding 
decrease in the disturbance to the water relations in the tissues. 

The rate of freezing of a body depends on a number of 
factors. Naturally it depends on the size of the body frozen 
and on its shape; the larger the body the longer the time taken 
to freeze it. And here it may be pointed out that when a 
body is frozen by immersion in a colder medium, every part of 
the body does not have the same temperature at the same 
time. The outer parts of the cooled object fall rapidly in tem¬ 
perature and soon become frozen, whereas, further inside the 
body, the time taken for the freezing process to take place 
increases, being longest in the middle of the thickest part. 
Thus the rate at which the inner parts of the cooled object 
freeze depends on the “ heat conductivity ” of the body, i.e. 
on the rate at which heat can pass through and so be drawn 
from the inner regions. 

It will also depend on the specific heat of the cooled object, 
that is, on the quantity of heat which must be withdrawn to 
lower the temperature of unit mass of the substance through 
one degree. Among the different food substances which it is 
desirable to preserve by freezing, there is not much variation 
either in specific heat or conductivity, for the tissues in ques¬ 
tion are so largely water that both the specific heat and con¬ 
ductivity cannot be far removed from those of water. Th^e 
are, however, three other factors on which the rates of cooling 
and freezing depend; these are the temperature of the cool^ 
mediiim, the extent to which the latter is kept in motion, and its 
heat-conductivity. As regards the temperatime of the cooling 
medium the lower this is the more rapid will be the rate of 
cooling. This is the fact summarised in Newton’s well-known 
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Law of Cooling, that the rate of cooling is proportional to the 
difference in temperature between the cooling body and the 
external medium. Stirring, by removing warmer gas or 
liquid from the surface of the cooling body, also increases the 
rate of freezing. As regards conductivity for heat different 
substances vary greatly, but in practice naturally the choice 
of a freezing medium is limited to those which can be used 
without damaging the cooled material. The only materials 
which have so far been employed at all on a commerci^ scale 
are air, water, and brine. The great advantage of air as a 
freezing medium obviously lies'in the simplicity of the pro¬ 
cedure involved in its use. It is no wonder that the vast 
majority of food materials kept in the frozen condition arc 
frozen in cold air. But there is a great difference between air 
on the one hand and water or brine on the other in regard to 
heat conductivity. The conductivity of water and brine is 
about twenty-eight times as great as that of air. Consequently 
their capacity for removing heat from the surface of the cooled 
body is very much greater, and so freezing will be accomplished 
much quicker in a bath of brine than in air, other conditions 
being the same. Generally brine has to be used, as it can be 
obtained in the liquid condition at a temperature of—21 ® C., 
whereas water freezes into a solid mass at o® C. Nevertheless 
for some food produce freezing in ice-block has been success¬ 
fully employed. 

It is thus possible to vary the rapidity with which a par¬ 
ticular food material is frozen, and so we are in a position to 
examine how far differences in the freezing velocity affect the 
loss of liquid or " drip ” which occurs on thawing the frozen 
tissue. For this purpose some experiments made with gela¬ 
tine and agar-agar are very instructive. If a block of gelatine 
jelly is frozen slowly in air at a temperature only a few degrees 
below o® C., after thawing the water can be squeezed out of it 
as the water can be squeezed out from a wet sponge. If, 
however, a thin piece of gelatine gel is frozen rapidly, as, for 
example, by freezing in mercury (which has a particularly 
high oondurtivity) at say —20° C., then, after thawing, the 
watCT loss is no greater than that which takes place from 
similar material unfrozen. The same phenomenon can be 
observed with agOT-agar gels if these are concentrated enough 
and the freezing is carried out sufficiently rapidly. 

These experience lead us to expect that the application 
of more rapid freezing to the preservation of food materials 
will overcome the difficulties resulting from changes in the 
water relations of the tissues brought about by slower freezing 
methods. Accounts of work in tvluch a more rapid method of 
freeziBg is employed are now available and fully bear out this 
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expectation. Although, as we pointed out in our last article, 
the method of freezing tissue in cold brine was a British inven¬ 
tion, it is from (^rmany that published results, in which this 
more rapid freezing of food has been undertaken, are so far 
available. It is found, for example, that most fish are suit¬ 
able for preservation by freezing, but that the usual method 
of freezing slowly in air is much less satisfactory than freezing 
in a brine solution because by the former method large ice- 
crystals are produced in the fish outside the muscle fibres, 
which damage the fibres, whereas by rapid freezing in brine 
the muscle liquid solidifies inside the fibres themselves and 
hence does not exert any external pressure on the fibres. As 
a consequence fish frozen in brine is of a considerably higher 
quality as regards nutritive value, appearance, and taste than 
fish frozen in air.* Similar results are obtained with meat,* 
but at present no details have apparently been published in 
regard to scientific experiments earned out with meat. An 
attempt has however been made to calculate the relation 
between the rate of freezing and the condition of the frozen 
material.* These calculations, however, include certain as¬ 
sumptions which render the data obtained only approximate. 
In the results given, a quantity called the “ freezing velocity ” 
is utilised. When a block of tissue is frozen the outer part is 
first frozen, and the limit of frozen tissue continually marches 
inwards. The rate at which this march proceeds is called the 
" freezing velocity.” It is calculated that when the freezing 
velocity proceeds at a rate of from i to 2 cm. per hour or 
quicker, the release of water from the muscle fibres is pre¬ 
vented, and consequently the “ drip ” from the meat on 
thawing does not take place. _ 

Contrary to expectation it is stated by the German in¬ 
vestigators that the rate of thawing is without influence on 
the water relations of the tissue. This is a question to which 
no doubt further attention will have to be given, and the same 
applies to the changes taking place in frozen food material 
during storage, about which very little definite information is 
available. 

In these articles we have selected for consideration some 
of the scientific aspects presented by the cold storage of three 

* R. Plank, E. Ehrenbaum, and K. Reuter, “ Die Konservierung von Fischen 
dorcb das Getterverfehren," Berlin, 1916. 

* R. Plank and E. Kallert, “ Ueber die Behandlung und Verarbeitung von 
gefrorenent Rindfleisch,® Berlin 1916. 

* R. Plank, “ Ijber den Einfluss der Gefriergeschwindigkeit auf die bistolo- 
g^schen Verandemngen tierischer Gewebe,® Znisch. f. allg. Pl^siol. 17 ,321-38, 
191S. 
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kinds of food, each of which presents its own scientific problems, 
namely, fruit, chilled meat, and frozen meat and fish. We 
have not aimed at giving a complete account of the scientific 
problems that arise in connection with these matters, but 
rather we have tried to show that the application of the prin¬ 
ciples of pure science to these industrial questions will bring 
about improvement in methods of food-preservation which 
must be of the greatest value to the nation and the world at 
large. At the same time we would emphasise that each food 
material presents its own particular problems, and it seems 
not improbable that the science of food-investigation, of so 
much importance to the human race, will at no distant date 
take as prominent a place as other branches of science of 
obvious economic importance. 



CORRESPONDENCE 

To THE Editor of “ Science Progress ” 

LATIN OR IDO? 

From Gilbert H. Richardson 

Dear Sir, —^The function and purpose of language is to com¬ 
municate thought from man to man. We may liken it to a 
telephone. Telephones may be more or may be less efficient. 
Languages likewise i^y be compared as regards their efficiency. 
Wc may separate this into two factors : 

i. Ease of acquirement and use. 

ii. Expressiveness. 

The most efficient language would be the one capable of 
being acquired and used with the least expenditure of labour, 
and at the same time capable of the greatest power of expres¬ 
sion. 

i. Ease .—Command of Latin for scientific purposes would, 
I presume, usually be attained only at University grade; 
study extending over some six or seven years would be re¬ 
quired. 

This labour would be required partly to acquire the vocabu¬ 
lary, and partly to master the grammar and syntax. 

The writers in Science Progress for January si^est 
that Latin might be to some decree simplified. And to the 
impartial observer it must be obvious that a good deal of the 
complexity of Latin grammar is theoretically quite needless. 
Why genders ? Why more than one declension ? Why more 
than one conjugation ? 

But the simplifying of Latin has already been done for 
us on the great stage of history. The Goths, Vandals, Bur¬ 
gundians and Franks have simplified Latin into the Romance 
languages. They have abolished the declensions, but they 
have broken up the linguistic unity of Wesj:ern Europe. 

The international language Ido is the highest common 
factor of the modem languages of Europe, and it turns out tb 
be, to a high percentage, Romance. 

45 $ 
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A man who knows only French knows 91 per cent, of the 
roots, one who knows only Italian knows 83 per cent, of them. 
One who knows only Spanish or only English will recognise 
at sight 79 per cent, of them, and even the nH-n* German 
speaker will know 60 per cent., and the m<'re Russian speaker 
52 per cent, (see Complete Manual of Jdo, Isaac Pitman & 
Sons, 1919)- 

Can Latin hope to compete with a vocabulary so inter¬ 
national as this ? To make it adequate to the needs of modern 
science, it must be flooded with new words, some coined from 
Latin and Greek, some barbarian. Lucretius (I, 136-9) in his 
day had to deplore the poverty of Latin for scientific purposes 
compared to Greek. 

As to grammar, Ido is marvellous. {See Elementary 
Grammar, Isaac Pitman & Sons, 6rf.) No genders, no declen¬ 
sions, and for all the Latin paradigms of verbs 14 syllables. 


for both numbers and all 

Present 

Past 

Future 


persons 

-as 

-is 

-os ' 

insertion 

infinitives 

-ar 

-ir 

-or 

of -ab- 

participles active 

-anta 

-inta 

-onta 

forms 

„ passive 

impera¬ 
tive 

-ata 

-cz 

-ita 

-Ota 

4 

plupcrf. 
and fut. 
perf. 


And this for all verbs. None are irregular. 

Why have the successors of Newton and Linnajus dropped 
Latin ? Presumably because they have found French and 
other modern languages more convenient. 

And here is the experiena' of a contemporary, Canon J. 
Gross, of the Great St. Bernard, Switzerland : 

“ After studying Latin for eight years, I now read Latin 
every day and I can’t speak it fluently, and this has been my 
custom for thirty years.” 

It is proper to schoolmasters, I suppose, to aim at getting 
from their pupils as much work as possible ; manufacturers 
aim at getting the work done with the minimum expendi¬ 
ture of labour and energy. Is there not in this matter of 
mental communication a case for adopting u labour-saving 
device ? 

But mere ease is no sufficient criterion of the efficiency of a 
language. A few gesticulations might be acquired easily, but 
would be worth very little as means of expression. 

ii Expressiveness .—^The richness of expression of a lan¬ 
guage depends on the wealth of its vocabulary and on its 
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ability to avoid ambiguity, to discriminate meanings and 
shades of rneaning. 

French is probably more capable of clear expression than 
English. In English many words can be noun, adjective, or 
verb, without change of form, and the reader may hesitate 
which way to take them. 

Latin, in its grammatical arrangements, may be fairly clear 
for those who are well at home with it. But its terminations 
are largely ambiguous : -a is fem. nom. sing, and nom. and 
acc. neut. pi., and if length marks are omitted, also abl. fem. 
sing.; -um may be acc. sing. masc. or nom. or acc. neut. sing, 
or gen. pi.; -ae may be gen. or dat. sing. fem. or nom. pi. fem.; 
-i may be gen. sing, or dat. sing, or nom. pi. These ambiguities 
can hardly count as merits in efficiency. The detached observer 
might be inclined to remark that any child might have ar¬ 
ranged the terminations better. 

In Ido—o means noun sing., -i noun pi., -a adj., -e adv. 

And as to Latin vocabulary, let anyone turn the pages 
of the Latin dictionary and notice how numerous are the words, 
and what common ones, which have six, eight, or ten mean¬ 
ings, and meanings seriously wide apart from each other. 
Ratio, tollo, fero. Fero means among other things to carry, 
jplunder, rush, tolerate, direct, show, vote. (See The Aux¬ 
iliary Language Ido, by L. de Beaufront. Isaac Pitman.) 

Does it seem likely that science, which above all things 
requires clear thought, would be well served by such a vehicle ? 

Ido approximates to the ideal of “ one word, one meaning.” 
Of course the words of one language frequently include more 
or less than the nearest corresponffing word in another lan¬ 
guage. In Russian the word for " hand ” includes algo the 
meaning “ arm.” Two or more meanings are occasionally 
allowed in Ido, but only when they are unlikely to clash. 

But Ido is often even more precise than “ one word, one 
meaning.” What in English or French is one word is separ¬ 
ated out into two or more forms to distinguish different mean¬ 
ings— e.g., ” number ” as ordinal is ” nombro,” as cardinal is 
” numcro.” 

Ido technical terminology is still to complete, but a mathe¬ 
matical and a biological vocabulary have already been pub¬ 
lished : ” organisation ” as a condition is organ-iz-es-o; as an 
action, organ-iz-o; as a product, oigan-iz-uro (obtainable from 
Ido-Edileyo Liisslingen, Solothum, Switzerland). 

Examine the French-Ido dictionary (Dictionnaire FranQafr- 
Ido, par L. de Beaufront et L. Couturat. Paris Imprinerie 
Chaix, 1915), and you will find abundant examples of shades 
of meaning distinguished with greater accuracy in Ido than in 
French. 
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Latin is now taught, not for use in communication, but 
•for mental discipline. I should like to know what experts 
in education would say of Ido as a means ^ of mind-training. 
My impression is that it has high value, it is so clear and 
logical. 

Latin is also taught because of its literature. That is a 
purpose that may well be distinguished from the discipline of 
its grammar. The vogue of Ido is only beginning, its literature 
may be in the future. Let me conclude with a specimen. It 
is a passage translated from Bergson : 

Ni serchas nur la preciza senco donata da nia koncio a la 
vorto, ‘ existar ’ e ni trovas ke, por koncioza ento, existar esas 
chanjar, chanjar esas maturigar su, maturigar su esas krear 
su ipsa senfine. Kad on pocas dicar samo tote generale pri 
Pexisto.*' 

Yours faithfully, 
Gilbert H. Richardson. 

/uly iS, 1919 


THE GHOST-HYPOTHESIS 
I.—From C. a. Richardson, M.A. 

Dear Sir,—-A n essay-review appeared in your October number on a book on 
Spiritualism by the late Dr. Charles Mercier, which calls, I think, for some 
protest* The name of the reviewer does not appear to be mentioned, perhaps 
wisely. 1 am not here concerned to take up any definite attitude as to the 
truth or falsity of spiritualism; but 1 should like to urg^e that criticism of 
assertions which have received the support of such well-known and rigorous 
investigators as Crookes, Flammarion, Lodge, and Barrett (to name but four), 
should only be entrusted to one who is at least moderately instructed in the 
matters he raises as relevant to the point at issue. 1 will illustrate from the 
review mentioned. The reviewer speaks first of what he calls the “ a priori 
improbability” of spiritualistic phenomena. Now, strictly speaking, a ^ori 
improbability has no application to experienced events, for these are unique 
and particular. For this reason, the first example given, that of the three sides 
of a triangle, is quite off the mark. A geometrical proposition is a gemral 
proposition, deduced by means of principles of reasoning which are themselves 
general, from a certain body of postulates which are also general propositions. 
In the question under discussion, however, we are concerned with what are 
purely i^artieular matters of fact. The point may be passed over, however, for 
apparently what the reviewer really means here is that it is extremely improbable 
that events will be experienced in the fixture of a different type from those 
experienced in the past. This, of course, assumes some such principle as the 
Uniformity of Nature, for which there is no ultimate guarantee. But, in any 
case* the argument from improbability is a risky one to play with, and apt to 
lead to impleasant surprises. One need only mention the case of the alchemists 
with thwr the^ of transmutation. Th^ were subjected to precisely the same 
kind of criticism from certain quarters as are the spiritualists. Yet now that 
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the alchemists are at last utterly discredited, it suddenly turns out, as a con¬ 
sequence of the discovery of radio-activity, that they were right after all in 
their essential ideas. There is such a thing as the discovery of facts of an 
entirely new type, and science would be quite stagnant if all scientists adopted 
the ** improbability ” attitude. But apart from all this, the argument breaks 
down in this case, for it could only hold if the alleged phenomena were of a 
kind never experienced before, whereas every age teems with accounts of similar 
happenings. 

The next objection urged is that the existence of ** ghosts ” would violate the 
invariable association of sound- and light-vibrations with matter. But why are 
these invariably associated? To any one who has studied modern philosophy 
of science the answer is clear. It is because all such are abstract conceptions 
consisting in logical constructions built up out of common elements—namely, 
sense-data, the ultimate data of knowledge. A visual apparition is on precisely 
the same level as the experience of any other group of sense-data, the only 
difference being that here the correlations among the sense-data may be some¬ 
what unusual, a fact which would simply bring us back to the “improbability” 
argument dealt with above. As for the ancient difficulty of the “ ghosts of the 
clothes,” this disappears when it is realised that apparitions, if they exist, are 
probably more akin to vivid images telepathically originated than to sensations 
proper. With regard to the assertion made by the reviewer that ghosts do 
not “appear to us in broad daylight, and let us examine them thoroughly, 
and take photographs of them,” it may be pointed out that Crookes stated that 
all these phenomena had actually occurred. 

The next point raised is as follows: “ Then there is the whole body of evidence 
suggesting that mind is only * the secretion of the brain mjMch has not 
been even damaged by the modem pseudo-philosophers, who are out to prove 
themselves above the order of nature ” (italics mine). From this we can only 
conclude one of two things; Either the reviewer classes nearly all modem 
philosophers as “ pseudo-philosophers ” (if so, comment is needless \\ or else he 
is profoundly ignorant of the whole trend of recent philosophic thought. In the 
first place, it is now generally recognised that a phrase such as “mind is the 
secretion of the brain” is quite meaningless as it stands. One might just as 
well, and with equal significance, say, for example, that “ digestion is the secretion 
of the stomach.” However, we may recognise that some such catch-phrase as 
this is simply the symbolic slogan of the materialistic school of thinkers. Now 
it is nothing less than ridiculous in the face of obvious facts to state that 
materialism has not been even damaged by the results of modem inquiry. The 
whole tendency of the latter is to set more and more strongly against it. As 
for the concomitance of brwn-events and mind-events on which the reviewer 
insists, it is susceptible of quite other explanation than the materialistic—an 
explanation far more satisfactory in the light of all the facts. Here it need only 
be said that we know about brsuns through perception alone. So far as we are 
concerned, a brain is simply a group of sense-data, and^ the perception of it 
presupposes the existence of a perceiving mind. Materialism is thus a gigantic 
itorepov vparepop. Consequently there is no final reason against the hypothesis 
that a mind temporarily disabled by association with a d^aged brain may 
entirely recover when that association no longer exists. It is not Mr. Jones, 
but hds body, that is built up of bones, flesh, and blood. 

The reviewer next goes on to remark that people who have read the evidence 
for spiritualistic phenomena wUl probably come to certain conclusions. The first 



440 


SCIENCE PROGRESS 


is that these occurrences are no more wonderful than the tricks of a professional 
conjuror, which are later referred to in the review as “ Prestigiatory (!) Phenomena.’’ 
It is doubtful whether this is true; but even if it were, one must not forget the 
difference in the conditions under which a conjuror works and those arranged 
for the testing of a medium under the rigorous supervision of men such as those 
mentioned at the beginning of this letter. Also one can hardly attach much 
weight to a criticism which would lead to such results as, for example, that all 
rabbits are produced out of hats. Then we have the old arguments as to the 
discovery of trickery on the part of mediums and the greed for money. The 
first is certainly the saddest passage in the history of spiritualism ; but to conclude 
from it that all mediums are probably tricksters is obviously absurd on the face 
of it For trickery occurs in nearly every walk of life, but so, fortunately, does 
genuine honesty also. The onus of proving the general proposition, ** All medium^ 
are tricksters,” is on the reviewer. Exactly similar remarks apply to the question 
of money payments; but the fact that a considerable number of mediums make 
a special point of refusing to accept payment of any kind is altogether ignored. 
As for the “poor Indian juggler” referred to, it need only be pointed out that 
the Indian M:irs are but the lowest order of a priesthood whose superior members 
claim to perform far more wonderful things, avowedly by the aid of spirits. 

After all this, the condescending crumb of praise to the “ghost-hypothesis” 
as “ an anodyne for bereavement and a stimulant for noble effort ” is nothing 
less than an insult, especially at the present time. I have expressed my opinions 
somewhat strongly: but surely it is high time that this sort of thing should stop. 
The dispute is about certain matters of ftict, and therefore can only be settled 
by direct empirical observation. Jeering criticism is quite futile, and merely 
reflects unfavourably on the critic. It is the noblest ideal of science to face 
all the facts, to give a fair field and no favour, and consequently to dismiss 
no statements which have reasonable backing from men of science without 
careful and scrupulously rigid investigation. 

The reviewer says that “we (busy men) would decline to waste our time 
over such a foolish undertaking” as (by implication) the investigation of 
spiritualism. Perhaps he is too busy to do so; then clearly he ought also to 
be too busy to indulge in jibes and what he rightly calls “ amateur ” criticism 
at the expense of the spiritualists. Certainly he has been too busy to trouble 
to acquaint himself more than very superficially with the real nature of the 
issues involved. 


October 2Sa 1919 


Yours faithfully, 

^ C. A. Richardson. 


II. A PLAIN STATEMENT, 

Dear Sir, —Studies on Mind Theory may be conveniently grouped for reference 
as follows: 

A. A vast mass of observations, experiments, and thoughts connecting 
psychological processes with the nervous system or bearing on the evolution, 
development, measurement, variations, and diseases of mind in men and animals— 
all leading to the cumulative judgment that Mind is a product of Body. 

- B. A smaller mass of introspective studies leading to the speculation that Mind 
and Body are distinct, or even to the speculation that Body is a product of Mind. 
C. Certain alleged observations and experiments purporting to confirm B by 
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showing that Mind apart from Body may sometimes be or become apparent to 
our living senses. 

Dr. Mercier’s little book suggested that the observations under C do not really 
confirm B because they may be explained by the ordinary methods of common 
sense as being due merely to deception or legerdemain. My review of his book 
suggested in addition, (i) that the case imder A is so strong and the case imder 
B so weak that the evidence under C requires the most rigorous analysis before 
it is accepted; and ( 2 ) that the fact that B and C originated in the natural fear 
of death, and are, therefore, agreeable to the mass of mankind, is an additional 
reason why we should hesitate in accepting the speculations wMch they attempt 
to support. 

Regarding C, the majority of people reject the alleged manifestations for the 
following sufficient reasons. Most countries contain certain persons, who, by 
practice and instruction, are able to perform a number of clever tricks, commonly 
called conjuring or juggling. These are performed by sleight of hand, distraction 
of attention, previous preparation of the room, collusion of members of the audience, 
and other artifices. The conjurers are usually (except in card-sharping and 
thimblerig), quite honest persons, who play the tricks to amuse themselves apd 
their friends or in order to make a living, but who openly repudiate supernatural 
assistance. Most of us can do some of the simple tricks ourselves for the sake 
of pleasing children, and so on; but the more wonderful esdiibitions given by 
professional conjurors are almost always so clever that the most astute onlooker 
fails to detect where the deception lies, even aftej frequent attempts to do so. 
Now the spiritualistic exhibitions are of just the same class, being held in prepared 
and darkened rooms, with all the modem resources of science to assist, before 
audiences always capable of'collusion and often desiring untruth rather than 
tralh (for the reason given above). The only difference is that the juggler now 
calls himself or herself a medium, and pretends that his or her tricks are done by 
supernatural agencies. To this claim the man of ordinary common sense replies, 
** 1 do not know in the least how your tricks are done; but they are not a whit more 
wonderful than those of a conjurer; and 1 therefore see no reason for believing 
that you have used any but the natural agencies which he employs. Also, I find 
it easier to think that you are an impostor than to agree that you can at will 
summon supernatural potencies with which I, personally, have never had any 
acquaintance,” And the man of science adds, “ The admission of your claim 
involves the abandonment of all the conclusions obtained under A. Not only, 
then, canU find no reasons for admitting your claim, but 1 do find a vast number 
of reasons against doing so.” 

To this the spiritualist always replies, ** The manifestations of the conjurer and 
the medium may be of the same class, but this does not necessarily prove that 
they are always produced by the same agencies. I will admit that some 
manifestations of some mediums have, sadly enough, sometimes been shown to 
nave been done by trickery; but this dees not prove that aU the manifestations 
of all mediums are always due to trickery. You must therefore admit that some 
of the manifestations are genuine.” Now, this is a glaring example of the jzV- 
ergo-est fallacy—it may be, therefore it is. We cannot prove that all the 
manifestations are not genuine ; therefore some of them are genuine; ergo^ spirits 
exist. We cannot prove that there are no elephants in the moon ! But,.of course, 
there is an infinity of possibilities between may be and fr. 

The extent to which this sophistry is used by spiritualists is astonishing. Thus, 
they talk of “bad stances” and “good stances namely, those which are, and 
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which are not, obviously due to trickery; and suggest that the former throw no 
discredit on the latter* They even pretend that the manifestations of a medium 
who has been actually exposed are not necessarily always fraudulent—he was 
sick or drunk when he perpetrated the frauds, but he is usually quite honest! 
Lastly, they try to throw on us the onus of proving that all mediums are tricksters 
—^as your correspondent, Mr. C. A. Richardson, does in his letter. Not at all. 
On them lies the onus of proving that all mediums are not tricksters. 

We readily admit with Huxley that absolute impossibilities can rarely be 
established. In the vast majority of cases we are obliged to come to a decision on 
the sum of probabilities, one way or another—often after large random sampling. 
When a man has been once convicted of lying or stealing, that is good 
presumptive evidence (used as such by the law) that he may lie or steal again ; 
and, if he is found again in suspicious circumstances, on him will rest the burden 
of proving that this time he was guiltless. Still more difficult* will it be to clear 
himself if he tries to do so by pleading the occurrence of a miracle; and this 
is precisely the case of a medium who has once been detected in fraud when 
he pretends to “manifest” a ghost or “telepath” a message on a subsequent 
occasion. When one alleged miracle is proved to be due to a trick, that is good 
presumptive evidence that all alleged miracles of the same kind have been really 
due to the same trick. And the whole of the case under C now lies under the 
same suspicion: the presumptive evidence is against it; and on it lies the onus 
of clearing itself. Still more generally—if we see a tree in a field we believe that 
it grew there from the seed or the sapling; if you assert that it fell from heaven 
it is for you to convince us. Our explanation is a natural and ordinary one, yours 
an unnatural and an extraordinary one. On him who asserts the miracle lies the 
burden of the proof. 

But our spiritualists claim that their exhibitions have often been tested by 
“ rigorous investigators,” who have failed to find any trick or flaw. We ask at 
once whether these persons would have been able to discover the artifices 
employed by any ordinary professional conjurer ? Certainly not. I have myself 
watched card-tricks and many kinds of jugglery done in broad daylight a yard 
or two away from me, without being able to detect the tricks employed. Why 
then should we suppose that the “rigorous investigators” will be more successful 
at stances, with the additional security of darkness and an atmosphere of 
“religious" faith and sanctity? Their failure to do so may as rightly be 
interpreted as evidence of one of two things, either of the genuineness of the 
manifestation, or of the cleverness of the deception; and the former involves 
a miracle, the latter only such a common thing as a fraud. Then again, are thfe 
investigators really “rigorous"? They may pretend to be so, while they are 
secretly or sub-consciously desirous of overlooking any small doings behind the 
scenes. It is idle to adduce the integrity or eminence of such persons, because 
we know that the most upright and able men (especially old men) often make 
mistakes, or fall into fads, or even lose money on the Stock Exchange ! Then 
what of the equally upright and scientific gentlemen who ha^ue detected frauds at 
stances or who do not believe in spiritualism? Your correspondent mentions 
four “rigorous investigators,” who, he says, have supported the assertions of 
spiritualism, but he omits to refer to the hundreds or thousands of men of 
science who laugh at them. Such a dialectic may be permissible in metaphysics— 
but not in science. In fact, the argument is worthless both ways. 

T^e pose of the detached scientist who sets out to investigate “psychic 
manifestations ” in the causi of pure truth is bifecoming rather worn and thin* To 
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judge from his frequent and obvious credulities he must often be really a man 
who starts with an a priori list in favour of the hypothesis which he proposes to 
test (to use the words in Mr. Richardson’s sense). We have not the least 
objection to such a pursuit, except for the loss of time which will be occasioned 
by so forlorn a hope; but I think that, owing to this very circumstance, onlj' those 
who are already biased are likely to undertake the investigation. I remember 
that just before the war Science Progress published a much better apology 
for spiritualism than that of Mr. Richardson, in which the author, after protesting 
his scientific detachment, recorded his belief that the cast-off clothing of a dead 
man can retain memories of the wearer and communicate them to mediums after 
that wearer’s death! Such people think that the mere statement of an hypothesis, 
however wild, is sufficient proof of it. What most “ rigorous investigators ” are in 
want of is not evidence but experience in legerdermain and—judgment. I 
suggest that “psychic phenomena” should be investigated, not by men of 
science, but by a committee of professional conjurers. Mediums would then 
quickly resolve themselves into ether, like the ghosts which haunt them. 

But there is this final “ intuitive ” objection against the whole business under 
C—that if the higher spiritualism were true, the lower spiritualism must be false. 
We were taught in our childhood that the spirits of the worthy dead are bright 
and beautiful beings. If they are allowed to communicate with us they should 
do so in the fields and the woods, and in the sunlight. There is an indescribable 
meanness even in the mere supposition that they could ever be forced to 
communicate with us through shady persons, before curious audiences, within 
closed chambers, and in an atmosphere, if not of trickery, yet of intrigue, art, 
and compulsion. 

Turning now from the case of etnpirical spiriiucUism under C to that of 
metaphysical spiritualism under B, we maintain that^ while the literature of the 
latter may often be astute, clever, or even occasionally instructive, it really does 
not weigh a straw against the mass of evidence under A—and most men of 
science, especially the biologists, will agree. The mind of humanity—composed, 
as it were, of the minds of innumerable individuals, as their brains are of brain- 
cells—^has grown considerably since the days of Berkeley and of Kant. It has 
become instantly suspicious of any trace of the desire to prove things—as when 
the admirable Bishop sets out to confound sceptics and atheists,” and the 
Prussian psychocrat resolves to create God. It dreads concatenated propositions 
because it recognises how often the chdn breaks at the weakest link. Berkeley, 
the father of modern idealists, was probably the cleverest of all of them; but his 
chain broke as early as the sixth link (Principles) when he neglected to extend 
his reasoning regarding material objects to others’ minds. This neglect vitiates 
all his subsequent matter. Really his reasoning leads simply to solipsism, the 
last absurdity of metaphysics \ and we can scarcely admit that, with his 
virtues, he was the Deity. As for Kant, surely no one trained in modem scientific 
criticism can accept his psychology. Why it never seems even to have occurred 
to him that his a prioris might be instincts, similar to those of animals, of which 
we possess many; and he ignores the whole of that first period of mental growth 
from experience, all memory of which is effaced from our adult minds. And their 
followers are of the same kidney—constantly avoiding the evidence on the other 
side, proceeding upon the may^he ergo is fellacy, mistaking speculations for 
theorems, and juggling with words,^ Thus, when I use a priori m the proper 

^ See, for example, Mr. Hugh S. R. Elliot’s Modern Science and the Illusions 
of Professor Bergson (Longmans, Green & Co.). 
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sense, your correspondent accuses me of ignorance because I do not use the 
phrase in the stale Kantian sense—which I do not accept! 

When we ask the advocates of B for clear definitions of their meaning we 
meet only with evasions. I asked in my review whether it was supposed that 
animals have ghosts, as well as men ?—^no answer. Where do these multitudes 
of ghosts usually live ?—no answer. Why do they not frequently communicate 
with all of us, by day as well as by night, in the field as well as in darkened 
chambers?—no answer. How do they maintain their earthly personality and 
even physical strength ?—no answer. How can they suddenly make themselves 
visible or invisible, just as they wish?—no answer. The spiritualist will reply 
that he cannot answer because he has not yet attained the knowledge. But 
there is another and more probable reason why he cannot answer—because there 
is not a word of truth in the whole story. We have only to define the details 
in order to see the folly of the whole speculation. When I asked why photo¬ 
graphs of ghosts cannot be taken, your correspondent declares that “ Crookes 
stated that all these phenomena had actually occurred.” Yet this same “rigorous 
investigator” accepted the genuineness of Katie Cook’s performances months 
after she had been exposed by Mr. Volckman.' I do not accept the evidence; 
and why have not similar photographs been taken by now in thousands ? The 
reader himself can deal easily with the other points raised by your correspondent. 

But we are obliged to him for the final demolition of the whole Ghost- 
Hypothesis. When I asked how it is that ghosts of mere material objects such 
as clothes, daggers, hands, and faces are so often reported, Mr. Richardson 
replies that this ancient difficulty “ disappears when it is realised that apparitions, 
if they exist, are probably more akin to vivid images telepathically originated 
than to sensations proper.” Oh, but this is a tremendous admission! Ghosts 
may then be really not seen at all I They may be due merely to some telepathic 
titiUation of the alleged observer’s brmn from outside. They may be only fancies 
after all. But if this be true of ghosts it may also be true of everything that 
has occurred at every sdance ever held—the floating mediums, the spirit-rappings, 
the skipping tables, the awesome messages may be only foolish illusions gener¬ 
ated simultaneously in the brains (?) of the audiencfe by some evil-disposed tele¬ 
pathist in the room, or even miles away. We have always been too polite to 
suggest mendacity or gullibility, and here is another simple and more agreeable 
explanation. So, if your correspondent is right, away goes the whole business 
like a witch on a broomstick, and the discussion is closed! 

But what a wonderful thing is telepathy! In future we shall need no tele¬ 
graphs, posts, writing, printing—even speech. There will be no books, news¬ 
papers, committees, parliaments, discussions, controversy. We shall all agree, 
even about ghosts, because each of us mil be able to telepath all he thinks or 
sees or imagines into everyone else’s mind, without any means of communication. 

1 shall believe in this when I see it. Until then the alternative explanation 
remains sufficient. The truth is that spiritualists possess enough imagination to 
see things which do not exist, but not enough to understand the logical conse¬ 
quences of their own wild speculations. That is why they so often meet with 
ridicule. 

Yours faithfully, 

The Writer of the Essay-Review. 

Nmfen ^ er $^ 1919 


‘ Mr. Edward Clodd’s book Tke Question^ pp. 126-7 (Grant Richards). 
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(In reply to a letter from the Editor asking him if he was able to do any thing which 
is usually done at spiritualistic seances) 

Dear Sir, —In reply to your inquiry of yesterday, I may say that there is no 
difficulty whatever in reproducing what takes place at so-called spiritualistic 
seances. The only trouble is that it is impossible to simulate the atmosphere 
of solemnity and semi-religious formality which is the chief asset of the impostors 
who make a living out of this particular fraud. 

Yours sincerely, 

Novmder 8, 1919 Nevil MaSKELYNE. 



NOTES 


Luorease in Length of « Science Progress ” 

The reader's attention should be called to the fact that the 
length of Science Progress has been increased in this Number 
to the equivalent of nearly fifteen pages by setting the larger 
type close together, and it is hoped that this arrangement will 
be continued in future. The increase amounts to about 9 per 
cent, of the former length. The demands upon our space are 
so great that the attention of contributors is especially invited 
to the Notice at the beginning of the number. 


Charles Arthur Mercia, M.D. (Loud.), PJt..C,F., P.B.O.S. 

The death, in September last, of this distinguished physician, 
philosopher, man of science and rare craftsman in letters, is 
a loss that will be widely felt by those who know his works, 
and a cause of sincere grief to his many friends. Only so 
much of his life as may seem to bear on his character and line 
of work can be touched on here, and that but slightly. After 
a few years' study at Merchant Taylor’s School, he felt obliged 
by circumstances to seek active employment, and for a while 
he acquired much knowledge of various kinds which bore 
fruit later. He was at last enabled to begin medical study 
at the London Hospital Medical School, and as soon as he 
had won his qualifications to practice he freed himself from 
all obligations. From this time onwards he worked on per¬ 
sistently and strenuously to within a few weeks before his 
death at the age of sixty-seven, interrupted at intervals only 
by the effects of the long and often painful disease from which 
he suffered for over twenty years : of late severely crippled, 
but ever keen in mind, and brave to the end. 

His reputation as an alienist physician, and as a lecturer 
at three medical schools in London over a period of many 
years, was of the best. He was, indeed, one of the few 
authorities on his special subject who have been at once sound 
thinkers, accurate observers, learned psychologists, precise 
writers and luminous expounders of what they had to say. 
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Nor had he been rivalled by many in combining a thoroughly 
scientific knoviiedge of insanity and its many allied subjects 
with a wide practical experience of the details of clinical 
treatment, and of the general management and requirements 
of institutions for the insane in all stages of their disorder. 
Dr. Mercier’s best-known works on his special subject are 
Sanity and Insanity, the first edition of which appeared about 
thirty years ago, and the enlarged edition of his Text-hook on 
Insanity and other Mental Diseases, published in 1914. These 
books cannot be reviewed here. They are invaluable guides 
to students of insanity of all ages. 

As a psychologist, he was faiown far beyond specialist and 
general medical circles by his work on Psychology, Normal and 
Morbid, and by numerous articles in many publications deal¬ 
ing with this subject. For many years he was a frequent 
contributor to the Journal of Medical Science, and a prominent 
and active member of the Medico-Psychological Association. 
He was fully conversant with the varied literature on psy¬ 
chology, both of the past and present day; but, though he 
leaned towards what is known as the introspective method 
of stud3dng psychological phenomena, he could not be rightly 
classed as an adherent of any special “ school.” His book on 
psychology, already mentioned, was largely adapted for the 
use of students of mental disorders, the author strongly holding 
the view that, for the correct understanding of insanity, the 
study of the normal must closely cohere with that of the 
abnormal. Mercier’s other contributions to scientific journals 
on this subject deal mostly with psychology alone. 

From a study of Mercier’s writings on psychology as well 
as on other matters of a biological nature, or on such as are 
usually described as subjects of philosophical opinion, it may 
once more be said that he cannot be strictly classed under 
any of the philosophical sects which are known by more or 
less familiar names such as Dualist or Monist, Idealist or 
Materialist, Vitalist or Mechanist. Deeply impressed, in the 
early period of his student life, with the writings of Herbert 
Spencer—he had read them all through twice—his own writ¬ 
ings, which treated much of Evolution and Heredity in rela¬ 
tion to human development, were, at least the earlier of them, 
distinctly characterised by this influence j and, like many 
medical writers on things of the mind, he held the opinion of 
the so-called “ Neo-Lamarckian ” school of biologists that 
definite “ characters,” as acquired in the life-time of the parent, 
were transmissible, as such, to the offispring. He was also, 
especially in his middle years, a strong believer in the “ im¬ 
passable gulf ” (though also in the closest association) between 
the functioning of the nervous sjratem and that of the mind. 
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In his later years, however, it appeared to some of his readers 
that his opinions with respect to these and other matters were 
considerably modified. In his two books, for instance, on 
Criminal Responsibility and on Crime and Criminals, as also 
in other papers, Mercier’s quasi-dualism in psychology, and his 
Spencerian tendencies in biology seem to affect but little his 
clear discussion of the action of the human “ will ” or his 
apparently later opinions on questions of heredity. And to a 
considerable extent his book on Causation and Belief gave 
evidence of alteration in his philosophical opinions. 

Space allows but short mention of a few others of this 
author’s notable works. His Conduct and its Disorders is a 
very original and valuable work, largely complementary to 
those on psychology on the one hand, and on insanity on the 
other. His book on Spiritualism and Sir Oliver Lodge is a full, 
strictly scientific, and brilliant exposure of the fallacious 
reasoning which leads many writers, on various subjects 
(some of them specialists in certain branches of science), to 
announce that actually scientific proof has been arrived at of 
possible communication by unknown means between persons 
separated by vast distances, and also between the living and 
the dead. And his acute and stimulating work, entitled the 
New Lope, though it has been variously judged by some pro¬ 
fessional logicians, is, at the very least, a book which must be 
welcomed by all men of science who may be interested in its 
subject. His masterly criticism of MiU’s Canons of Induction 
has not been upset, nor, with the present writer’s knowledge, 
even attacked. 

Dr. Mercier possessed a very wide knowledge of many 
departments of English literature, and a rarely retentive 
memory. He wrote, without a trace of pedantry, undefiled 
and trenchant English, and was a brilliant talker, sin^larly 
interesting from the number of different subjects of which he 
had command. Eager and powerful controversialist though he 
was, both in speech and on paper, he was, none the less, the 
most-clubbable, kindly and generous of men. 


Biilip Edvard Bertoud Jonrdajn—Bom Ootober 16,1679; Died Ootobex 1, 
1618 (A. E, Heatii, UX, XTniTersity, Hanobester) 

The death of Mr. P. E, B. Jourdain, M.A., is more than a 
personal or even a national loss; for his work occupies a 
unique place in mathematical thought. Unable to travel, he 
yet succeeded in making his influence felt in every part of the 
world—^not merely by his own original contributions to know- 
le<^, but also by the help he so generously gave to others. 




Ih to H //f Smni} c i Ir l^e 

P E B J0UKD4IN 
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In an age of great acquisitiveness he was content to spare an 
immense amount of time from his o%vn work to the disin¬ 
terested labour of abstracting for journals like the Revue 
Semestrielle —strong in the behef that it was worth while to 
do his share, and more than his share, of such unpaid and 
almost unac^owledged toil for the advancement of mathe¬ 
matics. His voluminous and important correspondence on 
mathematical subjects with enunent mathematicians of all 
nations shows, what all those who came into contact with him 
know, that his capacity in his own chosen fields of work—^mathe¬ 
matical logic and the history of mathematical ideas—exerted 
no narrowing effect on his interests ; that his fresh and un¬ 
academic yet encyclopsedic knowledge of the whole field of 
mathematical thought, and his vigorous intellect spiced with 
an ironic but genial humour, made him one of the most stimu¬ 
lating men of his day. 

Mr. Jourdain was the youngest son of the late Rev. F. 
Jourdain, Vicar of Ashbourne, Derbyshire. He was educated 
at Cheltenham College and Trinity College, Cambridge. He 
held the Allen (University) Scholarship, and was a Fellow of 
the London Mathematical Society and a member of the Mathe¬ 
matical Association. 

The main lines along which Mr. Jourdain’s own contribu¬ 
tions to thought were to develop are clearly traceable in one 
of his early articles in the Monist (“ On Some Points in the 
Foundations of Mathematical Physics,” vol. xviii, i^?). In 
this paper he attempts the exact formulation of certain funda¬ 
mental questions of mathematical physics, such as causality, 
by the application of results he had previously reached in the 
mathematical theory of aggregates (Joum. fUr Math., cxxviii., 
“ On the General Theory of Functions ”). Out of these con¬ 
siderations there arose the reciprocal interest in mathematical 
logic and in the philosophical foundations of science which 
is reflected in all his later work. That double interest explains 
how Mr. Jourdain, whilst an enthusiastic supporter of the 
“ logisticians,” could yet criticise Mr. Russell’s scorn for the 
historical origins of mathematical ideas; and how, whilst 
approving of Poincare’s insistence on the S3mthetic and in¬ 
tuitional mode by which mathematical discovery advances, he 
could yet claim that the final result is part of a logical objec¬ 
tive, untainted by its psychological origins. Fear as a logician 
he could see that “ history is irrelevant to logic, that the truth 
or falsity of a proposition is independent of the A^y in which 
so-and-so discovered it ” ; and, as an acute observer of the 
origin and development of scientific conceptions, he could claim 
that it was “ as great a mistake to banish from teaching a 
discussion of the growth of ideas as to try to build a house 
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without scaffolding on the ground that the scaffolding is not 
part of the building ” {Mind, 25, 1916, p. 526). 

In both his chosen fields of endeavour Mr. Jourdain had 
built up for himself a well-deserved reputation by his con¬ 
tributions to an exceptionally wide range of learned journals. 
His death came at a moment when he was at the height of his 
power : he had just claimed to have discovered a proof of the 
very first importance in mathematical logic, that ^y aggre¬ 
gate can be well-ordered ; he was publishing in Mind impor¬ 
tant papers on " Causality, Induction and Probability ” ; and 
he was engaged on a monumental work on The History of 
Mathematical Thought. From what has been already frag- 
mentarily published of this latter work, and from the mass 
of material found amongst his papers, it is clear that this was 
to be no mere anecdotage of mathematicians but a true history 
of the conceptions of mathematics. 

But Mr. Jourdain’s death was untimely also in a less per¬ 
sonal, and therefore in what he himself would have regarded 
as a more important, sense. For he had been working for 
some time towards the realisation of two great schemes. The 
first was the foundation of a “ Literary Entente ” whereby the 
whole of the contributions of all nations to the advancement 
of science was to be translated into English and French ; and 
the other was for the publication of what imght stand for a 
national edition of Newton. He considered it to be nothing 
short of a disgrace that, while France and Italy had paid due 
respect to their great men in the national editions of Pascal 
and Galileo, the man whose genius was greater even than these 
should have been neglected. Mr. Jourdain was the greatest 
living authority on Newton; he had already done a vast 
amount of research himself, and it is hoped that some of this 
—^together with his other unpublished work—^will be issued 
posthumously. 

In 1912 the late Dr. Paul Cams, whilst on a visit to the 
International Congress of Mathematicians at Cambridge, 
appointed Mr. Jourdain English Editor of the Monist. By this 
happy choice Dr. Cams was able to open up an extended 
sphere of influence for that Journal, and for the philosophical 
and scientific publications of the company of which he was the 
head. A few years later Mr. Jourdain became English Editor 
also of the International Journal of Ethics. 

The series of valuable summaries of “ Recent Advances in 
Mathematics,” which Mr. Jourdain contributed to Science 
Progress, began in January 1916. The task of presenting a 
complete, and yet not too thin, abstract of the mass of new 
work—scattered over the widely diverse and specialised fields 
into winch modem mathematics has split up—is one of ex- 
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treme difficulty. Mr. Jourdain's use of the classification 
adopted in the Revue Semesirielle enabled him to give to the 
expert at a glance the references likely to be useful to him; 
and at the same time it allowed him to indicate, by cross- 
references, what a more “ popular ** presentation could not 
have done—^namely, the interconnectedness of all branches of 
mathematics, and the importance (even to technical mathe¬ 
maticians) of work on the foundations and development of 
mathematics. All those who have made use of this part of 
Mr, Jourdain^s work will always owe him a debt of gratitude 
for its completeness and scholarly accuracy. 

In addition to books on the work of other mathematicians, 
Mr. Jourdain published The Nature of Mathematics j 1912 (of 
which a new and revised edition has just been issued) ; The 
Principle of Least Action y 1913 ; and The Philosophy of Mr. 
BHr'^nd R*ss*ll, 1919. 


Sir Oliver Lodge and Einstein’s Theory (H. S. J.) 

In a lecture to a small but distinguished gathering at Lord Glenconner’s 
residence on November 24 last, Sir Oliver Lodge, after explaining the result 
obtained from the photographs taken by the recent Eclipse Expeditions, and 
showing that the observed deflection was twice that which would be anticipated, 
assuming light to possess inertia and Newton’s law of gravitation to be rigidly 
true, proceeded to put forward some tentative hypotheses to account for the 
double displacement. Stated very briefly these were: (i) Light is a wave-motion, 
and the energy is half kinetic and half potential It might be conceivable, 
therefore, that a light-wave would have only half the inertia but the whole weight 
when compared with a material particle. The deflection of a light-ray passing 
near the sun would then be double that which would be experienced by a material 
particle moving past the sun with the velocity of light, (ii) In a material body, 
the velocity of light is modifled by interaction between the body and the aether. 
It is conceivable that the body may even modify the aether in some way for a 
certain distance outside it. Its specific inductive capacity, amd hence its refractive 
index, would then be modified. This gravitational “aura” may only become 
appreciable outside a large mass, such as the sun. The deflection would then be 
a refraction effect (iii) The deflection obtained from a distance r from the sun’s 
centre may be put in the form where v is the velocity in falling from infinity 
to the point r under the sun’s gravitational field and c is the velocity of light. 
Light starts from infinity with velocity Cy which cannot be increased. Gravitation 
is striving to increase th% longitudinal energy, but is unable to do so. If it is 
supposed that by a sort of gyrostatic effect the additional energy is added in 
the transverse direction instead, it can easily be shown that the observed de¬ 
flection is obtained. ^ 

Sir Oliver Lodge then proceeded to deal with some of the bearings of Einstein’s 
theory, and explained how it revolutionised our conceptions of space and time. 

Prof. Schuster, in proposing a vote of thanks, said that, as a student of the 
history of science, he thought that the safest way to deal with the new theory was 
not to seek for alternative explanations, but to adopt it and follow it to its logical 
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consequences, to modify it if necessary, and to abandon it should observation 
disprove it. He recalled the hostility aroused at first by Maxweirs electro¬ 
magnetic theory of light, and mentioned how loth Lord Kelvin had been to accept 
it: he still continued to attempt to explain the aether by attributing to it properties 
similar to those of ordinary matter. As in that case, so now it must be left to the 
younger generation to discuss and analyse the new theory. 

Einstein on his Theory (H, 8. J.) 

The Times of November 28 contains an article by Einstein on his theory. 
The following extracts contain the more salient points ; 

“ The laws according to which material bodies are arranged in space do not 
exactly agree with the laws of space prescribed by the Euclidean geometry of 
solids. This is what is meant by the phrase * a warp in space.’ The fundamental 
concepts ‘ straight,’ * plane,’ etc., accordingly lose their exact meaning in physics. 

“In the generalised theory of relativity, the doctrine of space and time, 
kinematics, is no longer one of the absolute foundations of general physics. The 
geometrical states of bodies and the rates of clocks depend in the first place on 
their gravitational fields, which again are produced by the material systems 
concerned. 

“ Thus the new theory of gravitation diverges widely from that of Newton with 
respect to its basic principle. But in practical application the two agree so closely 
that it has been difficult to find cases in which the actual difference could be 
subjected to observation. . • • 

“ The great attraction of the theory is its logical consistency. If any deduc¬ 
tion from it should prove untenable, it must be given up. A modification of it 
seems impossible without destruction of the whole.’* 

The last paragraph is of particular importance as giving Einstein’s own view 
as to the inter-relationship of the various predictions of the theory. In particular 
it indicates that, should the negative spectroscopic result be definitely established, 
the theory—in spite of its other successes—could not be maintained. 

In conflict with this view, Sir Joseph Larmor, in a paper presented to the 
Royal Society on November 20, states that no spectral displacements should be 
expected. This paper is not yet published, and the writer has only seen the 
meeting abstract, so that the ground on which this conclusion is based cannot be 
examined. 


The Solar Eclipse Expeditions and their Besnlts (&. B. J.) 

A joint meeting of the Royal Society and the Royal Astronomical Society 
was held on November 6 to discuss the results of the observations obtained at 
the total eclipse of the sun on May 6 $ 1919. 

It will be remembered that, according to Einstein’s generalised theory of 
relativity, the light coming from a distant star is deflected inwards by the 
gravitational field of the sun by an amount which increases with the proximity 
of the light ray to the sun’s centre. Another theory, which in effect regards 
light as corpuscles subject to the ordinary Newtonian laws, gives a similar 
result, but the deflection of the ray is only one-half that predicted by Einstein’s 
theory. In order to decide between these rival theories two expeditions were 
sent out to observe the total eclipse of the sun on May 29, Z919; one to Sobral 
in North Brazil, in charge of Dr. Crommelin and Mr. Davidson, and the other 
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to Principe on the West Coast of Africa, in charge of Prof. Eddington and 
Mr, Cottinghain. The method used was to photograph the field of stars near 
the sun during the eclipse, and to compare the photographs with others of the 

The Bending of Light in passing near the Sun. 



The above figure represents the results of the recent observations at Sobral. The lines drawn represent 
in direction and magnitude the resultant slufts observed in the apparent positions of seven stars in the nelgh- 
b(^hood of the sun. Lines drawn from the origin to the crosses rqiresent the shifts calculated from 
Einstein’s theory. The observed diifts are in every case greater than the calculated ones—on the average 
by about 14 per cent. The positions of the stars are noi shown in the diagram. 


same field taken with the same lenses in England some months previously. 
This eclipse was exceptionally favourable owing to the number of bright stars 
in the neighbourhood of the sun. In the case of the Sobral expedition it was 
possible to supply a further test by waiting until the sun had moved sufficiently 
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in the ecliptic to enable the same star-field to be photographed with the same 
instruments and mountings as were used during the eclipse. In spite of the 
unfavourable weather conditions at Principe, and some difficulties arising from 
the heating of the coelostat mirror of the larger of the two instruments used at 
Sobral, satisfactory photographs were obtained at both stations. On measure¬ 
ment the plates provided conclusive evidence of a deflection of the star-images 
away from the centre of the sun*s disc. When reduced to its value at the sun’s 
limb the Sobral observations gave a mean deflection of 1*98", while those at 
Principe, which, owing to the adverse weather conditions, were regarded as less 
conclusive, gave The value predicted by Einstein’s theory is 17 5 ^ while 

the Newtonian theory gives *875'^. It was therefore concluded that the observa¬ 
tions confirmed the prediction of the former theory. 

After Sir F. W. Dyson, Prof. Eddington, and Dr. Crommelin had described 
the work of the expedition and the methods adopted for the reduction of the 
data, a discussion followed. Sir J. J. Thompson emphasised the importance 
of the results obtained, which should be considered in connection with the 
growing body of evidence in support of Einstein’s theory. The deflection of 
the ray of light implied a change in the direction of the electric and magnetic 
vectors which, it seems, must be due to a new type of electric force. 

Prof. Newall urged the necessity for caution in the interpretation of the 
established results of the observations, which might conceivably be due to other 
causes, as, for instance, refraction in a solar atmosphere. 

Prof. Lindemann stated that the observed deflection, if due to refraction, 
required a density of the solar atmosphere which was inadmissible on other 
grounds. 

Dr. Silberstein contended that, regarded as a consequence of Einstein’s 
theory, the present problem was inseparable from another prediction of the same 
theory—that the Fraunhofer lines of the solar spectrum will be displaced 
towards the red. Hitherto observation has failed to establish any such dis¬ 
placement, and so long as this is the case we cannot regard the present results 
as establishing the basis of Einstein’s theory. 


Beport on the Proceedings of Section A, British Association, Bonrno 
mouth, 1919. (Prof. A, 0, Bankine, D.Se.) 

In spite of the absence of several eminent physicists who usually attend the 
meetings, there was much of interest and importance in the proceedings of this 
Section, A full programme occupied the four mornings from September 9-12, 
commencing with the Presidential Address. Prof. A. Cray^ after paying graceful 
tributes to the memory of Carey Foster and Lord Rayleigh, criticised severely 
the conduct of the war in its scientific aspect by the Government. That they 
failed to utilise the special abilities of scientifically trained men from the Uni¬ 
versities and Colleges, particularly in the early stages of hostilities, is notorious, 
and to this failure Prof, Gray attributed largely the protraction of the war. The 
remedy he suggests is the formation of a record of scientific graduates for special 
service, and he beUeVes that this should still be done, notwithstanding the cessa¬ 
tion of the recent war, in order that we may be prepared against eventualities. 

Prol Gray’s next criticism was directed against the procedure with reference 
to inventions during the war. Inventions which seemed likely to be of practical 
Importance often failed to be adopted by G*H.Q. because they were tested, and 
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possibly ruined, by oflScers who did not understand them. Delay, too, arose from 
the fact that the judges of outside inventions were frequently not unbiassed, for 
the reason that they themselves were technical officers interested in, and perhaps 
actually working on, the same projects. Prof. Gray would have a testing board 
of practical, well-qualified physicists and other experts, none of whom were 
inventors of appliances of the same kind as those submitted for their judgment. 
He viewed with alarm the lack of appreciation of scientific education still dis¬ 
played by the authorities. Scientific eminence is almost a disqualification, and 
control, even of research, is in the hands of “ good business men—the supermen 
of the present age.” In this connection Prof. Gray welcomed the proposal to 
found an Institute of Physics, for he believes that reform lies to a great extent 
in the organisation of scientific men themselves. At the same time he uttered a 
warning against making organisation itself a fetish, and opposed ultra-centralisa¬ 
tion. Another danger which he foresees is the emphasis which appears always 
to be laid on the industrial side of research. Prof. Gray pleaded for pure science 
as by far the most important thing, and asked that the scientific discoverer may 
be free, like Faraday, to follow where his researches lead. Then, in the long run, 
as in Faraday’s case, the practical results will surpass all expectation. 

The latter part of Prof. Gray’s address dealt with the teaching of physics. He 
deprecated the tendency to regard dynamics, not as a part of physics, but as 
applied mathematics. At the same time he believes in the thorough study of 
mathematics, and regards as mischievous the attitude of ultra-simplicity exempli¬ 
fied by the statement of an eminent practical engineer that “ all the calculus an 
engineering student requires could be learned in an hour or two.” Prof. Gray also 
made brief reference to modem developments in molecular physics, particularly to 
the recent work of Sir E. Rutherford on the collisions of a-particles with atoms 
of small mass. 

The Proceedings of the Section included an interesting discussion on 
Thermionic Vacuum Tubes^ which was opened by Prof^ Eccles^ who gave a 
general description of the very varied uses of these tubes. ITie three-electrode 
thermionic vacuum tube has practically revolutionised wireless telegraphy during 
the war. Used for amplifying continuous wave-signals, magnifications of, perhaps, 
ioo,ooo-fold are obtained, and transmission across the Atlantic is now possible 
with a receiving antenna consisting of a coil of wire only 3 or 4 ft. square. Tubes 
can also be used as producers of high-frequency alternating current, and can 
be made of sufficient size to become powerful wireless transmitters. The action 
of the tube depends on the electronic emission from hot bodies, and it is possible 
that it may have a great future in that we may be able to deri^le electricity direct 
from fuel, without machinery. Prof. Eccles described the construction of the 
tube, and pointed out that, used as an amplifier, a single tube will give a faithful 
reproduction in the proportion 20; i, while several, used in cascade, will give 
much greater ratios. There is almost complete absence of lag and of reaction on 
the original circuit. As a detector the tube, if nearly but not quite oscillating, 
readily responds to incoming signals of the same frequency, and is thus most 
efficient. Or, if oscillating with supersonic frequency, the stimulus of incoming 
signals of nearly the same frequency gives rise to a “ beat ” note which can, by 
adjustment, be rendered audible. 

Prof. Fortescue drew attention to the lines upon which it might be hoped still 
further to improve the tubes. At present only 4^ per cent, of the power used in 
heating the filament is available. Filaments coated with lime are temporarily 
more efficient, but deteriorate. Thermal production of electrons is really 
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objectionable, because they are emitted with large random velocities. There is 
considerable trouble, also, arising from gases occluded in the various parts of the 
tube. 

Mr. B. S. Gossling elaborated the theory of what happens in the tube, and 
mentioned the remarkable fact that, in spite of the many difficulties, it was now 
possible to rely on reproducing the tubes having efficiencies between plus and 
minus lo per cent, of the mean. 

Major Whiddington drew attention to the extraordinary sensitivity of the 
beat note in heterodyne reception to variations of inductance, capacity, and even 
of the resistance of the circuit. The beat note changes appieciably for a very 
small percentage change in the supersonic frequency. This renders possible a 
large number of physical measurements to a very high degree of accuracy. Such 
data as the permeability of a gas (by its effect on the inductance), or its specific 
inductive capacity (by its effect on the condenser) are now easily measurable. 
The device brings a very powerful new method into the field of physical research. 

Sir O. Lodge expressed the opinion that the thermionic emission method of 
producing electrons, being of a random character, was probably bad. He asked 
if a radioactive electrode, or the photo-electric production of electrons, had ever 
been tried. 

Dr. MaJtoioer replied that radioactive polonium could easily be used, but that, 
although probably more efficient than heat, the actual output would be exceed¬ 
ingly small. 

Several papers on subjects related to thermionic tubes were also read. These 
were: “ On Self-OscillaMon in Valves/* by Major Whiddington ; ** The Produc¬ 
tion of Luminosity in Helium by Electron Collisions/ by Prof. Horton and Miss 
D. Bailey ; and The Ionisation of Argon and Helium by Electron Collisions/ 
by Prof Horton and Miss A. C. Davies. In the latter paper the measurement of 
the ionisation potentials was described, the values obtained corresponding 
approximately to Planck’s quantum hypothesis of the production of the spectrum. 
Both Dr. Goucher and Mr. Steady however, stated that in similar measurements 
they had found in helium two distinct ionisation potentials, the existence of which 
had not yet been accounted for satisfactorily. 

The Report of the Committee on Radiotelegrajbhic Investigations was read by 
Prof. Eccles, who gave a preliminary statement on the results of the observations 
on the strengths of wireless signals during the recent solar eclipse. The results 
are not yet completely worked out, but it is already established that there was 
great strengthening of the signals attributable to the passage of the shadow 
between sending and receiving stations. Thus the eclipse simulated the effect of 
ordinary darkness, although it should be noted that the effect lasted several hours, 
indicating that the penumbral part of the shadow was almost as efficient as the 
umbra. 

In connection with wireless telegraphy Prof G. N. Watson read an important 
paper on ‘‘ The Diffraction of Electric WavesJ* With the assumptions that the 
earth is a perfect conductor, and that it is surrounded by a dialectric of height h^ 
followed by an imperfect conductor of conductivity op. Prof. Watson calculates that 
theory agrees with experiment if^or ~ 1*67 x lo", expressed in electrostatic units. 
Taking « 100 kilometres, the estimated height of the ionised region of the 
atmosphere, the value of cr is about that of pure water. 

A paper by Major Vincent Smith on Wireless Telegraphy during the War/ 
was also of considerable interest. 

Preceding the discussion on Relativity on September 12, Prof Eddington 
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exhibited some magnificent photographs taken by him and Mr, E, E, Cottingham 
at Principe during the total eclipse of the sun, May 29. The main purpose of the 
expedition was to make use of a splendid opportunity of testing whether light is 
subject to gravitation—whether a ray of light passing near the limb of the 
sun suffers bending. There were thirteen bright stars suitably placed. Unfortu¬ 
nately at Principe, at the critical period, there were hazy clouds. Of sixteen 
photographs taken during the five minutes available, no stars appeared on the 
first ten. Towards the end of totality the sky cleared, and the images of five 
stars were obtained on the remaining plates. These will not be sufficient to test 
the effect of gravitation by comparing the positions with those in the absence of 
the sun. Fortunately, however, the expedition to Brazil had excellent conditions, 
and, although it is not yet possible to indicate the magnitude of the deflection, 
Prof. Eddington is convinced that some, in the correct sense, exists.^ On the 
other hand, according to Father Cortte, who took part in the discussion, the fact 
remains that in the 1917 eclipse no shift was observed in forty-three stars api>ear- 
ing on the same plate. 

The Principe photographs have an additional interest, actually enhanced by 
the intervening mist, in that they show a magnificent arched prominence in the 
corona of the sun, 100,000 miles high, and four times as broad. 

In the Discussion on Relativity^ opened by Prof, Eddington^ Dr, Silberstein^ 
Sir 0, jLodgCy and Prof, Lindeman took part. There were also related papers 
“ On the Limitations of Relativity f by Mr, W, J, Johfiston and Sir J, Lartnor^ 
and “ On the JEther and the Perihelion of Mercuryf by Dr, Houstoun, It is to * 
be feared that the discussion did not advance matters much. It was a pity, too, 
that the eclipse calculations were not complete ; consequently it was not possible 
to use these results as a guide to the correct theory. Few people are able to 
follow Einstein, but there is no doubt that the main difficulty arises from the 
inability of many minds to dispense with what Sir O. Lodge called “ an inexorable 
progress of time, independent of particular observers.’' Sir J. Larmor, too, thinks 
that it is wrong to regard time as constituting a fourth dimension. Local time ” 
is still the root of the difficulty, and the objection applies equally to the classical 
relativity of 1905 and Einstein’s more recent development of it. Prof. Eddington 
outlined the Einstein view. Dr. Silberstein professed himself still a relativist of 
the 1905 school, and expected negative results from the eclipse observations. He 
claimed that relativity had recently obtained splendid verification, notably in 
Somerfield’s adaptation to Bohr’s theory of atoms. He was, however, as much 
opposed to Einstein’s theory as to the non-relativistic view. Sir 0 , Lodge is still 
unconvinced. He answered Prof. Eddington’s objection to the pretence of 
measuring lengths although no invariable scale exists, by pointing out that we 
can and do measure absolute temperatures by means of real imperfect gases, 
although there exist no ideal ones. 

In addition to the Principe photographs there were two papers on astronomical 
subjects: “ On Nova Geminomnif by Lieut,-Col, Stratton^ and “ On Nova 
Aquileef by Father Corfie, The behaviour of these two novm—and, indeed, 
Nova Persei also—has been, apparently, very similar, and there is evidence of 
prodigious velocities in the materials constituting the outer layers. Shifts of 
absorption bands equivalent to velocities of 2,400 kilometres per second have been 
observed, ** 

^ By the time this report appears it is probable that the definite result will 
have been announced, enabling us, perhaps, to decide between the non-relativistic 
view which suggests a deflection of 0*87', and the Einstein theory which antici¬ 
pates double this amount. 

30 
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Meteorology was not well represented at the meeting, but Sir F, Slupart gave 
an interesting description of the weather in Alberta (Canada), and pointed out the 
remarkable fact that within the last few years the mean January temperature has 
varied between - I5®F. and + 26“F.—an extraordinary range. 

The Seismology Committee reported that, owing to Mrs. Milne’s decision to 
return to Japan, the observatory at Shide had to be closed, and temporary 
accommodation has been secured at Oxford. 

Two papers on pure mathematical subjects were read, one by Prof. //. Hilton 
on “ Certain Types of Plane Algebraic Curves^'^ the other by Prof A. R. Forsyth 
“ On Gauss^ Theorem for Quadrature and the Approximate Evaluation of Definite 
Integrals with Finite LimitsP It was claimed that the latter paper may be of 
considerable use in estimating the areas of curves, for by suitably choosing the 
ordinates, instead of taking them equidistant, equal accuracy can be obtained 
with only about half^^ number of points. 

Papers were also read by Dr. Houstoun on ‘‘ A Contribution to the Theory oj 
Quanta^^ and by Dr. T. E, Stanton on The Viscosity of Liquids at High Pres¬ 
sures” 

An important contribution on Spectra^ by Dr. Z. Silberstein^ will, fortunately, 
appear in full later in the Philosophical Magazine. Dr. Silberstein’s theory is an 
extension of Bohr’s, in that he supposes that the atomic nucleus is not a sphere, 
but unsymmetrical. In this way it is possible to account, not only for Balmer’s 
spectral series, but also for the shifts and multiplications of lines in spectra which 
increased resolving power continues to reveal. 

Sir O, Lodge propounded a Theory of Vinon in which he supposed the black 
pigment of the retina, or the visual purple, to contain certain elements which are 
stimulated into electron emission by light of definite frequencies. A three-colour 
vision would require three distinct elements. Calculations on Bohr’s theory 
showed that in heavy atoms electrons of the necessary natural frequencies existed. 
Prof. Porter pointed out that this was somewhat like the accepted photoelectric 
e3q)lanation of both vision and photography. If there were three types of 
electrons in the visual purple, their natural frequencies would need to be in the 
proportion 2:3:4 roughly. 

The meetings of the Section terminated with a vote of thanks to the President, 
proposed by Sir O. Lodge, and seconded by Lord Rayleigh, 


Experimental fanning (0. W, Hams, Salthams farm, CMohester) 

There is a marked activity at present on the part of various official bodies who 
have extemporised a life-long enthusiasm for agriculture, in spite of the ominous 
fact that the Government have declared up to now no agrarian policy* This 
omission is all the more serious when we note that County Councils are being 
empowered and urged to purchase farms for small holdings and for experimental 
purposes. 

It would seem that before many thousands are spent in this way (the cost of 
some farms being so great that nothing under per acre will produce reasonable 
interest on the money), the first requisite is a Government policy. It is quite 
possible that the Government have realised that some thought is necessary before 
making an announcement, and that there are a few difficulties to be surmounted. 
Hence the delay. 

The first question refers to the small holding. As we axe not concerned in this 
article with this part of the problem, we need only say that it has not yet been 
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established that the small holding is economically a success, and that all the 
evidence points the other way. 

The purchase of farms for experimental purposes requires even more careful 
thought. The use of the epithet “ scientific ” in connection with agriculture has 
not been very happy. For the ordinary person it seems to acquire a mysterious 
meaning, and men are ready to welcome a return to the age of miracles in agri¬ 
culture which they would indignantly repudiate in their own particular profession. 
Huxley’s opinion of what science is, and what the term “scientific” must connote, 
seems to have been forgotten—^perhaps it was never known. “ Science is, I 
believe, nothing but trained and organised commonsense.” This is eminently 
true in agriculture. 

With what object and on what lines are these experimental farms to be run ? 
Who is to control them, and what qualification is necessary for the officials who 
will be responsible for these farms ? 

It must be stated at the outset that, unless the Government have a definite 
agrarian policy, the multiplication of experimental farms will not only be a futile 
but also a criminal waste of public money. Assuming that there is a policy, and 
that it will shortly be announced, the most important problem is the selection of 
the staff of these farms, and the precise determination of their sphere of activity. 
At the present time the control of agriculture is in the hands of those who know 
but little about it. The composition of the IJoard of Agriculture is not above 
suspicion: some of its executive were, or are, land agents merely; few, if any, 
have had to make a living out of farming. Among agricultural scientists the 
percentage of those who have had any practical connection with farming is clearly 
exiguous. Thus, those who have, or wish to have, control in agriculture are at 
present slightly handicapped by ignorance. 

Sir A. D. Hall appreciates this want of continuity between farming practice 
and research. He writes on page 6 of his preface to Soil (1912 edition ); “ But 
even if the best farming practice is still a step beyond its complete explanation by 
science, yet the most practical man will find his perception stimulated, and his 
power of dealing with an emergency quickened, by an appreciation of the reasons 
underlying the tradition in which he has been trained.” 

While expressing our doubt as to the validity of our author’s argument we 
would emphasise the fact that it is precisely the best farming practice that should 
be the object of investigation and of attainment for the experimental farm. 

But the farmer is too much concerned with making a living, and the scientist 
has too little regard for economic questions for this consummation to be realised. 
Prof. L. P. Jacks’s Farmer Jeremy may be taken as a true and accurate picture of 
the best farming practice. The best farmers very rarely divulge their knowledge, 
and still more rarely hand it on. What their experience has taught them, and the 
methods they have employed, are known only to themselves, and the scientist who 
starts out on stilts is hardly likely to succeed in extracting that information which 
his own experience cannot supply. As an example, we may mention the case of a 
farmer who is highly successful in his business, and comes of a long line of 
farmers. He found that no matter what treatment he gave before or after, a crop 
of potatoes was invariably followed by bad crops, and that this was noticeable 
even in the third following crop. He, therefore, satisfied with the fact, gave up 
growing potatoes on this land (which is a brick^earth, and very good land indeed). 
Where the farmer left off the scientist might begin ; but he is usually lacking in 
experience, and rarely comes up against these practical problems. There are 
many cases like this where the farmer finds certain results in practice, and has not 
the time to concern himself with the explanation thereof. 
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It is essential that some means should be found by which the scientific 
worker can meet the practical farmer. It is hardly to be imagined that any one 
but a government official would advocate a system of experimental farms where 
the subjects for experiment are evolved out of the official inner consciousness. 

Nor can it be said that the present position of science in agriculture is notably 
satisfactory. The problems connected with the destruction of various fungoid 
and insect pests have not yet approached solution. A book on this subject by 
Mr. F. R. Petherbridge, published in 1916 (C.U.P.), is very melancholy reading. 
Anyone who cares to read the various paragraphs entitled “ Remedial Measures” 
cannot fail to be struck by the entirely inadequate treatment advocated in most 
cases. For anything really definite and conclusive, save in very few cases, the 
inquirer may search in vain. It is quite true that under the a^gis of the Board 
of Agriculture a number of instructional leaflets are published, but the Board of 
Agriculture has been so conspicuous in its failures in other directions that, 
logically or otherwise, it has ceased to be above suspicion. 

Consider the question of milk-testing. The present states of affairs is almost 
a burlesque. The local magistrates convict, the farmer appeals, and the con¬ 
viction is quashed if it is proved that the milk is as it came from the cow. Who 
was originally responsible for this test ? Wliat other work has been done subse¬ 
quently to cause this modification ? If, for example, no better method has been 
followed than was the case with Thury in 1863, who based his conclusions with 
regard to the determination of sex on experiments with twenty-nine cows, little 
wonder that there are continual exceptions in the matter of a fat standard. 

Again, fertilisers have been the subject of much experiment. The results are 
published, and can be obtained, by those who wish to see them, cheaply enough. 
Agricultural journalists in their answers to correspondents arc lavish in their 
recommendation of fertilisers; but who will pretend that there is as yet any 
certainty that a fertiliser will behave in the way it is supposed to do ? Plenty of 
farmers will say that they have been unable to notice the slightest difference ; and 
although the agricultural journalist doubtless performs the useful function of 
disseminating such scientific knowledge as he can lay hold of, the procedure 
seems to savour of the quack medicine purveyor who has no personal knowledge 
of the victims whom he treats. 

The working of the land is a subject that should afford ample scope for 
investigation. If as good results are sometimes obtained when the land is very 
indifferently worked as when there is a really good tilth, is it not possible that the 
farmer spends time and trouble all to no purpose? IlaA deep ploughing any 
advantage over shallow ploughing, or must the decision be governed entirely by 
local conditions ? 

Much has been said during the war about baby beef. Have sufficient experi¬ 
ments been conducted to elucidate this question ? 

It is easy to multiply examples, but we would mention in conclusion the case 
of silage. What has been done in England on this subject ? The information 
on the feeding value of silage is usually derived from Kellner or some derivative 
of Kellner. Where ignorance is s6 widespread, except perhaps in the case of 
Mr, Wibberly, who expostulates convincingly thereon, how is the farmer to be 
expected to take up a thing which may result in a complete loss ? Has our science 
any light to throw on the subject ? 

Lastly, the economic side of farming can never be too much emphasised where 
experimental farms are contemplated. The purists in agriculture are little better 
than their teetotal brethren. Farming is a means of livelihoot^ and if agricultural 



NOTES 


461 

scientists wish to assist the farmer (they seem to have no other raison d^iire) they 
must publish accurate accounts. It is not necessary that the experiments should 
be profitable. All that is required is to show exactly what the cost has been, and 
the farmer can draw his own conclusions. Wherever these experimental stations 
are set up the best farmers in the district should be consulted, and the direction 
of affairs should not be left in the hands of an irresponsible minority who happen 
to enjoy the temporary authority and splendour attached to the membership of a 
County Council. It is curious to notice that where democracy is a catchword on 
every one’s lips, there, and there more than anywhere else, exists the unbridled 
tyranny of self-elected minorities. 

The Origin of Life; The Work of the late Dr. Charlton Bastian, F.B.S. 
(Surgeon-Commander W. Bastian, E.N.) 

The question of the Origin of Life is one of never-failing interest, and many 
and varied are the speculations and theories that have been indulged in on this 
subject by scientific men and by others not so scientific during past ages. It may 
be said, however, that with one exception very little actual experimental work has 
been done with a view to seeing whether it is or is not possible to bring about a 
genesis of living matter by laboratory experiments. 

Whilst admitting that there must have been a de novo origin of living matter 
at some time in the remote geological past, most scientific men of to-day pin their 
faith to the doctrine “ Omne vivum ex vivo.” They believe with Huxley that that 
doctrine is, as he said, ‘‘ victorious along the whole line ” (British Association 
Presidential Address, 1870). 

The question then clearly arises whether a life-giving process apart from any 
supernatural or miraculous agency occurred only once, or, at all events, only in 
the very early days of the earth’s history, or whether it is one that has ever been 
taking place since the period when it first began. 

Mere speculations and theories do not seem to lead us any further, so that to 
get any idea of the real truth of this matter Nature has to be questioned by the 
institution of proper experiments. 

My father, the late Dr. Charlton Bastian, F.R.S., believed that living matter 
is constantly coming into being in suitable media and surroundings, or, in other 
words, in Nature’s laboratory, by a process of what he termed “ archebiosis,’ 
previously described by Huxley as “ abiogencsis.” His views were based paitly 
on theoretical grounds, but largely on the basis of his own extensive series of 
experiments performed during the ten or fifteen years preceding his death, and 
previously, with certain colloidal saline solutions enclosed within hermetically- 
sealed and sterilised glass tubes. He claimed, by these means, to have brought 
about the de novo origin of definite well-known living organisins, which grew and 
which reproduced themselves, and could be cultivated in suitable nutrient media. 

Dr. Bastian died in November 1915. In May of this year a letter appeared 
in the Lancet from me, calling attention to the fact that my father’s views had met 
with very little other than unsympathetic and hostile criticism, and that his 
alleged facts had never been actually and finally disproved by experimental 
research. 

The writer of the letter was well aware that somewhat similar experiments had 
been performed by others, but that these having produced nothing but negative 
results it seemed clear that either Dr. Bastian throughout his long life was totally 
in error as regards his facts and conclusions, or that there might possibly be some 
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flaw in the work and methods of experiment of those who sought to prove finally 
whether in fact Dr. Bastian was right or wrong. 

Several most interesting letters followed in the Lancet^ but only a few from 
persons who had themselves done any experimental work on the subject, on the 
same lines as those of Dr. Bastian. Two of these bad confirmed some of 
Dr. Bastian*s experiments—namely, Albert Mary, of Paris, and Dr. O. C. Ciinner, 
of Leeds—the latter only in regard to Dr. Bastian*s work on heterogenebis an 
allied subject. 

Two other observers—^namely, Dr, Sydney G. Paine and the Hon. 11 . Onslow— 
declared that their experiments clearly indicated that in Dr. Bastian’s experiments 
there was no evolution of life from inorganic materials, and they refer the reader* 
of the Lancet to their published reports of their own experiments, wherein they 
explain their reasons for thinking that Dr. Bastian’s facts, and the necessary con¬ 
clusions arising therefrom, were erroneous. 

There, it would seem, the matter has been allowed to rest, though it would 
appear desirable to institute some further experiments on the exact lines as 
described in Dr. Bastian's book, The Origin of Life (Watts & Co., 2nd edition, 
1913, price 3^. 6^^.). 

It has always been urged by Dr. Bastian*s opponents in this controversy that 
his experiments are invalidated for the following reasons : 

Some critics—^mostly not biologists, and presumably not thoroughly acquainted 
with bacteria and torulae, have supposed that what were taken from Dr. Bastian’s 
tubes were mere pseudo-organisms such as Leduc, Herrera, Jules Fdlix, the 
brothers Mary, and in this country Prof. Benjamin Moore, F.R.S., and Dr. 
Sydney G. Paine are able to produce from various saline solutions—bodies which 
undoubtedly simulate organic forms with great exactness. Others, as, for instance, 
Prof. Hewlett and Dr. Jonathan Wright, of New York, have expressed thcmbclves 
as quite satisfied that the bodies found and photographed have been real organisms, 
but cannot believe that they have really been engendered within the tubes ; nor 
can they believe that they are alive. They presume that they must have been 
introduced in some way during the sterilising process—which, of course, is quite 
possible, if not probable. But these organisms would have been killed by the 
sterilising process, and could not, iherefoie, go on reproducing ihcmselves as they 
have been found to do in Bastian’s experiments—nor would they have been found 
in such enormous numbers as was often the case. In this connection see Dr. 
Jonathan Wright’s letter in the Lancet of August 3 , 1919, and lb‘of. Xlewlell’s 
Introduction to Dr, Bastian’s paper in Nature of January 22, 1914, p. 579. 

The Fiftieth Year of Sir Bay lankester's Editorship of the Quarterly 
Journal of Etioroscopioal Science*’ (J. B. 0.) 

The 2S3rd number of the Quarterly Journal t?f Microscopical Stience marks the 
fiftieth year of Sir Ray LankestePs editorship. During this period the Quarterly 
Journal has included among its pages many important memoirs, written by authors 
not only of this country, but from abroad. Sir Ray Lankester himself has led the 
van as a writer of very valuable papers, which have stimulated biological research 
in several important branches.* Without noticing the not unprominent part which 
Oxford zoologists have taken in contributing to the high standard of this valuable 
periodical, one will observe that Sir Ray Lankester has succeeded in attracting 
contributors from every University in the country. 

Those younger men who have had the privilege of publishing their first papers 
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with Sir Ray Lankester^s journal, will have noted how kindly he advised and 
criticised, and with what ease he commanded many branches of biology. 

We congratulate Sir Ray Lankester on his splendid work, and we express the 
hope that he may continue for many years longer as editor of the Quarterly 
Jourfuzl, 


Gustav Ketzius (J. B. G.) 

Recently we noted with regret the death of Professor Gustav Retzius, the 
distinguished Swedish biologist. Retzius was well known for his studies on many 
biological subjects of a widely different nature. He personally published a journal 
known as the Biologischc Untersuchungen^ and apparently no cost was spared in 
the production of this work. While Retzius observed many natural objects, it 
cannot be said that his knowledge of them was very deep ; his work on the brain, 
and on gametogenesis, are examples of this. His best labours were in the 
preparation of materials which were beautifully drawn by his artists, and then 
shortly described by Retzius himself. 

Gustav Retzius and his wife were extremely hospitable and charming people, 
and his death will be lamented by many friends, and by admirers of his work. 


Awards for Hedical Discovery 

The Conjoint Committee of the British Science Guild and the British Medical 
Association, to which we referred in our last issue, met on November 4, Sir Alfred 
Keogh taking the Chair. The Committee decided to call itself the Conjoint 
Committee on Awards for Medical Discovery, and issued various letters asking 
for further information. It also decided to consider recent medical discoveries 
which merit public recognition, and Colonel Sir Ronald Ross was asked to draw 
up a Report on the subject containing information given by the various members. 

Readers of Science Progress win remember that just before the war Sir 
Ronald Ross submitted a Petition to Parliament asking for compensation for 
losses^ on professional emoluments due to continuous work for many years on 
the siibject of malaria. Such petitions have to pass through the Chancellor of 
the Exchequer and are always held up at first. He took no further action in 
the matter during the war, but is now preparing to submit the Petition again. If 
accepted, it is likely to have the widest influence on medical investigation in the 
future. The Petition was framed on the precedent of Edward Jeimer, who was 
awarded similar compensation by Parliament early in last century. 


Beal-Politics 

The world has heard a great deal of various kinds of politics. For example, 
there is World-Politics—which has recently cost the lives of about seven million 
men. Then there is Class-Politics—which has ruined the great country which 
used to be called Russia. Thirdly, there is Party-Politics—which, by its mis¬ 
management of the early part of the war has created a debt of about eight 
thousand million pounds for this country. But, in addition, there is a form of 
politics which may be called Real-Politics—a purely scientific kind of politics, 
the object of which is to organise prosperity. Nobody thinks of this poor 
Cinderella, except a few men here and there. Lord Leverhulme is one of these, 
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and he has attempted to organise prosperity for those two islands owned by 
him and called Lewis and Harris. It appears that the inhabitants have long 
been under the impression that they would become perfectly happy if each 
of them were to be given a small croft with a cottage and a few cows. But 
Lord Leverhulme, who is perhaps the most able and one of the richest business 
men in Britain, has come to the conclusion, after scientific thought, that such 
crofts would really not pay ; and so we suppose. Instead of such a progi-amme, 
he wishes the people of these islands to develop the magnificent harvest of fish 
which remains, so to speak, uncut at their doors; and he asks for ten years in 
which to develop the business. Of course the people affected were surprised at 
first. Any new thing appeals to human beings much in the same way as would 
a demonstration of the binomial theorem to a herd of cows in a field, but after a 
time they begin to understand; and we hope and believe that Lord Leverhulme 
will ultimately succeed. If we talked less about our rights, our piivileges, our 
constitutional powers and the various methods of government, and really tried 
to think out what we should do to improve our happiness in the world, we 
should be wise—wiser perhaps than human beings can be. 


SMde Hill House 

In the summer of 1895 Prof. Milne returned to England after his twenty years* 
residence in Japan. The seismographs which he brought with him, improved and 
added to in the following years, were erected at Shide Hill House, near Newport, 
Isle of Wight, which then became the centre of the operations of the British 
Association Seismological Committee, and the most important and well-known 
earthquake observatory in the world. After Prof. Milne*s death si.^ years ago 
(see SciENCK Progress, April 1914, pp. 713-20), the house became the property 
of his widow, who is a native of Japan; but the instruments were allowed to 
remain there and the work with them was carried on as before under the direction 
of Prof. H. H. Turner, of Oxford, the chairman of the Seismological Committee. 
Owing to Mrs. Milne’s decision to return to Japan, the house was sold by auction 
last autumn, and the seismographs have been transferred to Oxford, where they 
will be under Prof. Turner’s immediate care. It is satisfactory to learn that, 
except for the brief interruption of the records, there will be no actual loss 
caused by the change of station. 


Toothbrushes—a Warning 

The great prevalence of decayed teeth among the Anglo-Saxon peoples, and, 
to a less extent, among other white races, is notorious, and has been ascribed to 
many causes, but, in my opinion, without sufficient consideration. White wheat 
flour seems to be the most popular ascription in the medical ptess, such flour 
being specially favourable to the growth of organisms in dental caries. How, 
then, we ask, do races which live on white flour, such as several peoples of 
northern India, possess such beautiful teeth? The eating of soft, cooked food is 
another alleged cause 5 why, then, do not the people of southern India, who live 
almost entirely on soft-boiled rice, suffer as we do ? National degeneration is yet 
another supposed cause—which must be dismissed in view of the fact that 
physically and mentally we are certainly stronger than many races and tribes 
whose teeth rem^n almost perfect until old age—and the same may be said of 
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sugar, alcohol, and toothpicks, which are used not only by peoples with bad teeth. 
Moreover, the teeth of the British race were not always so much affected as at 
present—witness the evidence of old skulls. Thus, some years ago, a large heap 
of skulls, dating from the sixteenth century, was found in London, and the writer 
was assured by an anatomist who examined the bones that the teeth were little 
affected. Apparently, then, the cause, or, at least, the principal cause, of dental 
caries should be something which has been introduced only recently. Why not 
(for a working hypothesis) the toothbrush?—which is chiefly employed by the 
Anglo-Saxons, less by some other white races, and not at all by most Africans, 
Indians, etc.—who clean their teeth by rubbing them with chalk or dust disposed 
on the forefinger, or with bits of green and soft stick. 

The following case is known to the writer. A man, Mr. X, has used tooth¬ 
brushes all his life, and began to lose his teeth in childhood ; but all his front teeth 
remained perfectly sound until at the age of sixty he commenced to use a hard 
brush. At that age the gums retract, leaving a small surface of soft bone between 
the gum and the enamelled surfaces of the teeth; and in a few months three of his 
incisors, namely, the three on the left side, specially liable to the friction of the 
brush, decayed simultaneously, the decay commencing in the soft bone just where 
the brush was likely to abrade it 

Of course, there is a large literature on dental caries ; but the writer has not 
seen the toothbrush accused in it. It is an unnatural instrument, likely to damage 
the teeth, and not very effective for cleaning the interstices. When was it intro- 
* duced ? We read in Agnes Strickland’s Life of Q;ieen Elizabeth (reprinted by 
J. M. Dent & Sons, p. 380) that “Mistress Twist, the Court Laundress, presented 
Her Majesty with four * tooth-cloths’ of coarse Holland, wrought with black silk, 
and edged with lace, apparently for cleaning the teeth 1 ” Hence brushes were 
probably not used at that time. 

The following is possibly a suflicient process for the toilet. The gums and 
teeth are massaged with the forefinger, on which a little Vinolia tooth-paste or 
similar substance has been smeared, and the teeth are then rubbed thoroughly 
but lightly with dry camphorated-chalk powder taken up on the moistened pulp of 
the middle finger, the mouth being well rinsed, of course, with that cheap 
disinfectant, water. 

Whatever may be the cause of caries, the discovery of the cause of it would be 
an enormous boon to humanity. It is to be hoped that our new Ministry of 
Health will continue and extend the investigation of the subject,—R. R. 


Astronomical Divinity 

Mr. R. G. Durrant tells the following amusing story in the Schoo Science 
Revieiv for October; 

There are more things in heaven and earth than are dreamed of in our 
philosophy. One evening, a junior master living “ in-coUege *’ was visited by 
an eminent divine, parent of one of the boys. E- D.: “I understand, sir, that 
you are president of the school Astronomical Society, and I have come 
to ask your opinion on a point in astronomy. I understand that the earth 
moves round the sun in an elliptical orbit,” J. M.: “ That is so.” E. D.: “ I am 
told that an ellipse has two foci, the sun situated at one of them, and that at the 
other, the ‘blind focus,’ there is no physical matter.” J, M,: “That is the case.” 
E. D,: “1 am writing a theological treatise, and I have thought it most probable 
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that this so-called * blind focus ’ is, in reality, the seal of the Almighty. Thus, the 
sun from the physical, and He from the spiritual focus, govern the universe.” 
J. M.: “ Ahem ! it may be so; but I think, sir, it might be unwise lo publish this 
when we consider how very small is the whole solar system in comparison with the 
starry heavens, and He made the stars also,” E. D. : “ Well, I will consider the 
matter further. Good-night to you.” 


Notes and News 

The King has been pleased to approve of the following awards this year by the 
President and Council of the Royal Society : 

A Royal Medal to Prof. J. B. Farmer, F.R.S., for his notable work on plant 
and animal cytology. 

A Royal Medal to Mr. J. H. Jeans, F.R.S., for his researches in applied 
mathematics. 

'ifhe following awards have also been made by the President and Council: 

The Copley Medal to Prof, W. M. Bayliss, F.R.S., for his contributions to 
general physiology and to bio-physics. 

The Davy Medal to Prof. P. F. Frankland, F.R.S., for his distinguished work 
in chemistry, especially that on optical activity and on fermentation. 

The Sylvester Medal to Major P. A. MacMahon for his researches in pure 
mathematics, especially in connection with the partition of numbers and analysis. 

The Hughes Medal to Dr. C. Chree, F.R.S., for his researches on terrestrial 
magnetism. 

Sir J. J. Thomson has been recommended by the Council for election as 
President during the year 1920, Sir David Prain as Treasurer, and Mr. W. B. 
Hardy and Mr. J. H. Jeans as Secretaries. 

The Prince of Wales has consented to become a Fellow of thp Royal Society 
and an honorary member of the Iron and Steel Institute. 

Prof Theodore W. Richards, of Harvard University, has been elected Presi¬ 
dent of the American Academy of Arts and Sciences. 

Prof A. Fowler, F.R.S., has been awarded a gold medal by the National 
Academy of Sciences, Washington, in recognition of his contributions to astro¬ 
nomical science. 

Dr. S. Russ has been elected President of the Rontgen Society for the session 
1919-20, 

Sir Henry Miers, Vice-Chancellor of the University of Manchester, has been 
appointed to be a member of the Advisory Council to the Committee of the Privy 
Council for Scientific and Industrial Research. 

Prof J. E, Petavel, F.R.S., has been appointed Director of the National 
Physical Laboratory in succession to Sir R. T. Glazebrook, who retired on 
September 18 last. 

Dr, Pickard, F.R.S., Principal of the Blackburn Technical School, has been 
appointed Principal of the Battersea Polytechnic. 

Dr, Edward Hindle, Assistant to the Quick Professor of Biology, Cambridge, 
has been elected to the Chair of Biology in the School of Medicine, Cairo, Egypt, 

Prof E. L, Nichols retired from his post as Head of the Physics Department 
at Cornell University last June, He is succeeded by Prof E. Merritt 
^ We have noted with regret the announcement of the death of the following 
well-known workers in science during the last quarter: Dr, John Aitken, F.R.S.; 
Mr. S. D. Chalmers, of the Northampton Institute; Dr. A. G, Vernon Harcourt, 
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F.R S.; Dr. H. C. Greenwood, lately of the Munitions Invention Department; 
Dr. P. E. B. Jourdain; Prof. A. Macalister, F.R.S., Professor of Anatomy at the 
University of Cambridge ; Dr. Charles A. Mercier; Prof. Trail, Regius Professor 
of Botany in the University of Aberdeen. 

On September 18 last the Aero Club of America observed officially a flight by 
Mr, Roland Rohlfs to an altitude of 34,610 ft,, the previous record being 30,500 ft. 
The flight was made on a 400 H.P, Curtiss triplane. 

The Geological Survey of Great Britain and Museum of Practical Geology, 
Jermyn Street, was transferred for administrative purposes from the Board of 
Education to the Department of Scientific and Industrial Research on November r 
last. Correspondence with reference to the work of the Survey should, however, 
be addressed as heretofore to the Director of the Survey and Museum, Jermyn 
Street, S.W, 

The Conjoint Board of Scientific Societies has issued a useful pamphlet con¬ 
taining a Calendar of Scientific Meetings for the session 1919-20 (i.e., to June 30). 
Copies may be obtained from the Secretary at Burlington House, price 6d, The 
booklet also gives a list of the constituent societies, with their addresses. 

Mr. Austen Chamberlain estimates our future normal yearly expenditure as 
;^8o8,000,000, of which ;£i35,000,000 will be spent on the fighting forces, and 
;^4oo,ooo on scientific investigation and research. 

During the past quarter unusually large donations and bequests have been 
given to scientific and educational institutions outside Great Britain—chiefly, of 
course, in the United States. Mr. John D. Rockefeller heads the list with another 
$20,000,000, which the General Education Board is to devote to the improve¬ 
ment of medical education in the States. The entire sum, principal and 
interest, is to be distributed in fifty years. The John Sterling estate, bequeathed 
to Yale, as already reported, has realised $18,000,000 and not $15,000,000 as first 
estimated. Mr. E. F, Searles has given $1,500,000 to the University of Cali¬ 
fornia ; Barnard and Columbia each receive ;£284,ooo from the estate of the late 
General Horace W. Carpentier; Smith and Mount Holyoke Colleges $500,000 
under the terms of the will of Mr. Charles N, Clark; and Cornell $250,000 from 
Mr. B. Loewy. Fjom Australia comes the news that the University of Sydney 
receives ;j;46o,ooo and Brisbane ;£33o,ooo from the estate of the late Sir Samuel 
McCaughey. We should not have to mention the English Universities at all 
were it not for a munificent gift of £30^000 from Mr. and Mrs. Molteno to 
Cambridge for building and endowing an Institute of Parasitological Research, 
and a bequest from the late Mrs. M, L. Medley, of Seaworthy, Devon, of £20^000 
to the University of Oxford, to establish a scholarship for the promotion of the 
study of political economy in memoiy of her husband, George Webb Medley. 

During the last few months the Ramsay Memorial Fund has continued to 
make progress, and the total contributions now amount to a little over 50,000, 
apart from the funds to be provided by Foreign Qovernments for the foundation 
of Fellowships. 

The first Foreign Government to conclude arrangements for the foundation of 
a Ramsay Fellowship is the Royal Hellenic Government. The first Fellow, 
Dr. V. Papaconstantinou, formerly Assistant Professor to Professor Zenghelis, of 
the University of Athens, has been duly nominated by the Royal Hellenic 
Government, and appointed by the Trustees, and has taken up work in this 
country. He is working under Prof. F. G. Donnan, at University College, 
London. It is anticipated that further appointments of Foreign Fellows will be 
made at an early date. 
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A branch of the Ramsay Memorial Fund has been started in France under 
the Presidency of Mr. Lloyd George. The Committee include leading French 
scientists and politicians. A sum of 43,500 francs has already been collected. 
The French Committee are aiming at founding one or more Fellowships to enable 
French chemists to pursue research work in one of the British Universities. The 
appeal in France is being directed specially to the British and American Colonies, 
who are being asked to contribute to the fund as a testimony of their appreciation 
of the wonderful scientific achievements of our ally, France, during the war. 

The details of several new expeditions have been reported in the Press, Mr, 
D. B. MacMillan is leading a small party to the Arctic regions to carry out two 
to three years* work for the National Geographic Society of the United States of 
America. The expedition has been organised by the alumni of Bowdoin College. 
The Duke of Abruzzi intends to explore the upper i*eaches of the Wady Scebel, a 
stream running into the Fafan River from the outlying spurs of the Abyssinian 
mountain ranges in north Italian Somaliland. Mr. £. Pleller is leading an 
expedition to collect African animals, plants, etc., for the Smithsonian Institute, 
especially those of Central and South African origin. 

In Sdetue (August 8, 1919) Prof. Millikan announces that he has succeeded in 
extending the known ultra-violet spectrum to wave-lengths as short as 320 Angstrom 
units. It will be remembered that, by using a vacuum spectroscope, Schumann 
extended the spectrum from 1,850 A.U. to 1,220 A.U., and that Lyman afterwards 
worked down to 510 A.U. Millikan’s further success has been obtained by 
running a zinc arc in a chamber in which the pressure is kept down to lo”-* mm. 
of mercury by means of a new and very efficient diffusion pump. At this low 
pressure it is possible to use very high potentials (up to sever^ hundred thousand 
volts) to produce the sparks without obtaining any glow discharge. 

Sir Charles Parsons described several very interesting war-limc inventions in 
his presidential address to the British Association last September. Among them 
was the Leader-Gear used, first by Germany and later by the Allies, to guide 
their ships through their own mine-fields. An alternating current is passed 
through an insulated cable laid at the bottom of the sea, and earthed at its 
further end. Ships, furnished with suitable instruments, are able to follow the 
track of the cable with great precision at any speed. Cables of as great a length 
as 50 miles have been used, and the application of the system to assist in the 
navigation of narrow channels, and as a guide in fogs, should be of very great 
value. 

In his essay on Adaptation and Adaptability” in the Eugenm Review (October 
1919) Prof. Doncaster mentions some recent work on the effects of alcohol on the 
offspring of the guinea-pig and of the fowl. In the former, even when the male 
parent alone has been given a prolonged course of small doses of alcohol, the 
offspring are defective, and so, too, are the great-grandchildren of the alcoholised 
parents. On the other hand, Pearl finds in the fowl that fertility is reduced by 
alcohol, but that the eggs which are fertile produce stronger and larger chicks. 
In explanation of this apparent contradiction it is considered that, while in the 
guinea-pig the germ-cells which produce the eggs and sperms may be injured 
and still develop, in the fowl the susceptible germ-cells are rendered incapable of 
development, so that only the stronger ones survive. 

In the same number of the Review Dr. H, H. O’Farrell discusses the state¬ 
ment, first made by Sir Archibald Alison in his History of Europe^ that, as a 
result of the Napoleonic wars, the,average height of the French population 
lessened by one or more inches. It is shown quite conclusively that the state¬ 
ment is incorrect. 
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In a short note to the Library Associnffon Record Mr* F* W* ClifToril giv<»s 
an account of the scheme for the foundation of a representative Library of 
Chemical Literature which has been rendered possible by the co-operation of tbo 
Chemical Society with a number of other societies interested in chemistry - 
namely, the Association of British Chemical Manufacturers, the Biochemical *S(>cicty, 
Faraday Society, Institute of Chemistry, Society of Chemical Industry, Society of 
Dyers and Colourists, Society of Public Analysts. These societies contribute 
towards the cost of the scheme, and their members have full use of the library 
both for loan and reference. The generous policy of the Council of the Chemical 
Society towards their library in pre-war days resulted in a collection of books 
dealing not merely with the purely scientific aspect of chemistry, but also with 
industrial processes. As a consequence, many important works of foreign origin 
weie to be found on their shelves which were of the greatest possible value to the 
various War Departments and manufacturers who were striving to make essential 
products which had always before been purchased from Germany. 

The Lancashiie and Cheshire Coal Research Association has issued its first 
two Bulletins, No. i contains notes of ten Introductory Lectures on Organic 
Chemistry, with special reference to coal, and No. 2 deals with the Sampling of 
Coal. Both are extremely clear and concise, and Captain F. S. Sinnalt, the 
Director of Research, is to be congratulated on the manner in which his Associ¬ 
ation is making its work public. It is a pity, however, that the pages of these 
little pamphlets are of such an unusual size. It is generally agreed that we should 
aim at standardisation in such matters, and while very large pages may sometimes 
be desirable, those at the other extreme are not. 

The Radio Review (Wireless Press, 2^. 6^f.) is the name of a new monthly 
journal whose sole aim is to record the scientific developments of radiotelegraphy 
and telephony, and of related branches of applied science. During the war 
period a vast amount of research has been carried out which is directly or 
indirectly connected with the subject, and the three-electrode thermionic vacuum- 
tube has produced a complete revolution in wireless practice. It has become 
imperative for the research worker that information hitherto scattered through 
many periodicals should be gathered together in a single one ; and it is believed 
that the number of people interested in this branch of science has become 
sufllciently large to give the journal every prospect of success. The fact that 
Prof. G. W. 0 . Howe has consented to act as editor serves as a sufficient guarantee 
of the scientific character of the journal. The first number contains, among 
other articles, the first portion of a paper by Prof, Ecclcs on the mathematical 
theory of the Triode valve; an excellent account of the Proceedings of the British 
Association at Bournemouth which were concerned with wireless work; and a 
valuable collection of abstracts of the latest radio literature (including patents), 
which, from their excellence, we suspect to be the work of Mr, P. R. Coursey, 
the assistant editor. 

Major-General George O. Squier, the chief Signals Officer of the U.S, Army, 
has given some account of the work done during the war on the use of trees as 
antennae in wireless practice in the Journal of the Franhlin Institute (June 1919). 
He does not explain details very clearly, and avoids giving diagrams of connec¬ 
tions, but it would appear that tree-contact should be made by driving a copper 
nail well into the tree (e g., 3 in.), while the earth should consist ** practically of 
several short pieces of insulated wire sealed at the outer ends, radiating from a 
common centre, and buried a few inches beneath the surface of the ground in the 
neighbourhood of the tree.” So complicated an earth is not, however, essential, 
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for, by using modern amplifiers, it was possible to obtain near Washington signals 
from the principal European stations by using a small wire net on the ground 
beneath the tree. A most important fact is that a tree can be used for widely 
different wave-lengths if the appropriate receiving devices are connected to the 
tree terminal. General Squiers suggests that the “metallic electrode rigidly 
driven into the living organism of a tree ” may serve, in conjunction with the 
thermionic valve-tube, as a powerful method for the detailed study of electrical 
disturbances in the atmosphere and the earth. 

Mr. D. Brownlie (of Brownlie & Green, Austin Friars, E.C.) has published 
another valuable paper on the eflSciency of boiler plants, this time dealing with the 
economy in coal which could be effected by modernising all colliery steam plants. 
Collieries are by far the worst coal-wasters because, in pre-war days, coal was so 
cheap as to be hardly worth saving. In some pit-heads a few years ago high-class 
coal was sold at $s, per ton—it has even been given away to release railway 
wagons! Now that it costs 2$s. a ton even colliery managers may become 
interested in economy. Mr. Brownlie gives details of tests he has actually made 
on 100 colliery-boiler plants which he considers typical of all those in the country, 
and finds that their average thermal efficiency is only 55*5 per cent, (the extremes 
being 71*8 per cent, and 32*5 per cent.) as against an average of 60 per cent, for 
the whole of the plants used in Great Britain. It is contended that an average 
efficiency of 70 per cent, could easily be obtained, and, since the collieries consume 
18,500,000 tons of coal each year, this would save nearly 4,000,000 tons. Further, 
if more use were made of refuse coal, a total saving of 6,600,000 tons per annum 
could be effected, to’^say nothing of what could be achieved by stopping the 
enormous waste of exhaust steam, and by using a modern system of steam-pipe 
lagging. 

The Department of Scientific and Industrial Research ^ seems now to have 
become a firmly-established Government Office, and its Annual Report has become 
so comprehensive that, in these notes, it will only be possible to deal briefly with 
some of its more important aspects. Of these not the least important is that the 
administration of the Geological Survey and Museum is to be transferred to the 
Department from the Board of Education. The Fuel Research Laboratory is 
open, and the Main Station (at Greenwich) should by now be completed. The 
Fuel Research Board is to undertake, in addition to its many other important 
tasks, a research on Power Alcohol at the request of the Admiralty. The Food 
Investigation Board has already obtained important results, and will receive a 
sum of £24,500 to carry on the work this year. It is estimated that between forty 
and fifty Industrial Research Associations will ultimately be formed, and a sum 
of at least £373»ooo (out of the £1,000,000 available) will be required for those 
already in existence or in course of formation. The British Scientific Instrument 
Research Association, which was to be guaranteed £40,000 from the Department, 
has now been granted an additional £24,000 to £30,000 as a result of the extension 
of its scope to include the X-ray electromedical industry and electric scientific 
instrument makers. To balance this the members of the Association have only 
to raise an additional £6,400 to £7,000, instead of an equal sum, as is usually 
required. These exceptional terms have been given on the ground that the 
Association deals with an industry of the “ key ” class. Similar generosity has for 
the same reason been shown to ffie Glass Research Association, which has been 

^ Report of the Committee of the Privy Council for Scientific and Industrial 
Research for the year 1918-19, to be obtained through any bookseller from H.M. 
Stationery Office. Price 6 d, net* 
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guaranteed ;^2o,ooo a year for five years on condition that the members raise 
;^5,ooo a year during the same period. Among the other Associations formed, or 
in course of formation, since last year, are those involving the following trades : 
silk, jute, motor, sugar, rubber, Portland cement, leather, boots and shoes, cocoa 
chocolate and jam, bakery, laundry, piano, etc. Up to July 31, however, only 
nine licences had actually been granted, and eight associations “ approved.” The 
conditions of grant have now been modified to give the Associations the sole right 
to any discoveries they may make. They may not, however, be communicated to 
foreigners, and must be sold to any other Associations who might desire to benefit 
by them for reasonable payment. 

The Institute of Science and Industry of Australia has sent us the first four 
numbers of their official journal, entitled Science and Industry^ Bulletin No. I2, 
which deals with the prickly pear. As might be expected, the Journal is largely 
devoted to discussions and articles of an agricultural or pastoral character. This is, 
however, due only to the fact that such problems are of paramount importance to 
the Commonwealth. It is intended that the Journal should cover all branches 
of science of an industrial character. Vol. i, No. 4, for example, contains instruc¬ 
tions for the manufacture of Epsom salts from Australian magnesite, and discusses 
how the tanning of Australian sole leather may be modified so as to make it equal 
to that prepared in England. The striking feature of all these publications is the 
evidence they bring of the serious losses the country has suffered from imported 
pests. Sheep-scab is a thing of the past; but the losses due to cattle-tick and 
worm nodules, prickly pear, water hyacinths, and, of course, the rabbit, still 
continue. The two cattle diseases probably originated from beasts shipped to 
Port Darwin from Java in 1872. The population of the town, which then consisted 
of a few officials and the officers of tlxe British-Australian Cable Company, was 
short of fresh meat, and the nearest supplies in Australia were a month^s journey 
distance. Eight cows and four bulls were therefore obtained from Java. Some 
of these escaped into the bush, and to them it has been possible to trace the 
diseases. Prickly pear was first introduced into Sydney about 1788 ; but it seems 
probable that the plants then imported subsequently died, and that the plants 
which now cover 22,000,000 acres owe their origin to one brought to Scone (about 
200 miles from Sydney) in 1839 by a Dr, Carlisle. It was propagated purposely 
as a, hedge plant, and as a stand-by for stock in a drought year. It grows very 
fast, and in one case on record advanced in a solid mass for half a mile on a four- 
mile front in two years. Prickly pear cannot be employed commercially for any 
purpose save as a green manure on soils deficient in humus. To eradicate it 
seems equally difficult, but it is hoped that some harmless insect may be found 
which will destroy it. With this end in view the Executive Committee of the 
Institute recommends that a sum of ;£8,ooo per annum should be provided for a 
period of five years, in order to pay for experiments, and for the services of 
a biological expert at a salary of ;£i,200 per annum, and two entomologists at 
salaries of per annum. The water hyacinth, which is choking up the 
Clarence and Richmond Rivers, New South Wales, has propagated itself from a 
specimen thrown into the Swan Creek near Grafton. It seems possible that this 
plant may ultimately be utilised as a source of potash. The cheapest method of 
removing it so far devised is by means of a mechanical destructor. 
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UETHODS m PSTCROI.OOY: The Ennnciatioii of the Central 
Problem and tbe Solution (Arthur Lynch, M.A., C.L., L.B.O.P., 
M.R.C.S.). 

Every man of science who lifts his eyes beyond his own special field of study 
becomes convinced of the importance of the relation that connects it with other 
domains; he finds this impression of co-ordination deepened in proportion as his 
own view becomes more extensive, until at length he recognises that the divisions 
or classifications of the sciences correspond less to the nature of things than to the 
limitations of our own faculties. Having arrived so far he is in a fair way to 
becoming a philosopher, even though he may find an aversion to the term induced 
by the volumes wherein so much reading in abstruse matter is associated with 
loose argument and sterile result. 

Yet even to the man of science, accustomed to test his work by the appeal 
to Nature, I say that Psychology should be regarded as the “ Queen of the 
Sciences ” in a deeper sense than that which influenced Gauss to bestow the title 
on mathematics. 

Through Psychology, properly presented, we should gain a view of co-ordina¬ 
tion of the sciences not derived from historical associations nor brought into" 
evidence merely by the assistance that one science may render to another, but in 
a more profound sense, which may, in part, be thus expressed: when we make 
abstraction as far as possible of ^e actual objective character of the matters 
studied, and consider in a generalised form the methods employed, and the move¬ 
ments of the mind which correspond to these methods, we recognise the similarity 
in various fields of the underlying schemata of thought. 

As an example, I remember a remark of Sir William Gowers, the distinguished 
neurologist, who told me that his system of note-taking and reasoning thereon 
reminded him of the work of an accountant. This is only one out of countless 
instances that could be given, but, with this observation by the way, I seek a 
deeper basis for these correspondences. As we continue our analysis persistently, 
disregarding in scientific processes the inessential details, we will eventually find 
that the similarity of methods has its source in the modes of working of the mind, 
and these modes will at length be seen to be combinations of certain fundamental 
processes. It is one of the objects of this paper to lay these bare; and the mean¬ 
ing of what has been said will become clearer and more significant, I believe, in 
the course even of this brief exposition. The general problem is far wider in 
scope than that simply dealing with the co-ordination of the sciences, and the 
corollaries in every field of thought will be found important enough to satisfy the 
most exacting. 

At the threshold, however, it is well to say a few words on the claims of those 
who regard a biological, or even a phydological treatment of psychology, as the 
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only one admissible, and to refer to others who declare that there is no science of 
psychology outside Experimental Psychology. Certainly all these subjects have 
an important bearing on the study of Psychology, and for my own part I have not 
neglected their aid ; but the assumption that either of these, or any other partial 
studies, can cover the whole field of Psychology is so absurd as to be in itself a 
proof of the need of some more extensive discipline. 

Biiefly, it may be said that the expositions of physiological-psychology, as, for 
instance, that of the great authority in these matters, Wundt, will be found to be 
a discussion of physiology followed by a discussion of psychology. The nexus 
between the two is never well established. The physical correlatives of thoughts 
are not thoughts, nor do they, studied objectively, give us an inkling of the 
thoughts to which they may be the precedent condition. The disturbance of 
the retina by an ethereal wave is not a sensation of red, for instance, nor is any 
part of the whole nervous stimulus nor of the corresponding physical reactions, 
nor the sum-total of these, a colour-sensation. 

Even if our histology were immeasurably more minute and illuminated than 
it is now, so that we could trace not only all the nerve-strands in the brain, but 
form an image of the vibrations of the molecules in the reaction to a stimulus, 
we still would on that ground alone know nothing of the psychic state corre¬ 
sponding. It is almost painful to insist on this argument, yet that it is not super- 
fiuous is plain when one listens to the theories, or consults the works, of certain 
great physiologists who from the height of tlxeir achievements loolc down on 
psychology. What is lacking in their own system is precisely such a grasp 
of psychology as would enable them to interpret the results of their investigations. 
We will see this later in regard to Broca’s Convolution. 

With regard to Experimental Psychology, we have learnt to appreciate the 
value of the results obtained, but to exclude the play of intellect, which seeks to 
discover the organic cohesion in all these details, would be as absurd as to obtain 
a great variety of statistics about falling bodies while refusing to consider the 
mechanical principles applicable to such cases. 1 have myself employed experi¬ 
mental methods freely, particularly in the studies of Memory, but I look on 
Experimental Psychology as the handmaiden, and not the mistress, in the house 
of Thought. 

I will not delay to speak of the importance of studies concerning what is 
called the “Subconscious,” nor indeed of the extravagant claims, suggestive of 
quackery, of those who seek to popularise psycho-analysis,” Nor will I discuss 
the form of treatment of Psychology usual in the great text-books—they all have 
a family likeness—nor the authoritative article on Psychology in the Encyclopadia 
Britannita, When I have indicated the true scientific method no argument will 
be needed to convince the reader how superficial and tentative are all these 
expositions, and what an enormous mass of the literature of psychology has the 
value which may be accorded to a discourse in mathematics where the solutions 
offex*ed are complicated, abstruse, ingenious, and all wide of the mark. 

The conditions of a scientific method in Psychology will have been found if we 
are able to enunciate the central problem in complete generality ; if we exhibit 
a solution resting on a foundation at least as basic as that of Newton’s principles 
in mechanics; if in the demonstration we conduct the arguments in cogent 
succession and with rigour; and if finally, in possession of our principles, we show 
the fertility of the system in a series of new and important corollaries. The 
prospect thus held out is as fresh as the methods of realisation are new; the two 
circumstances are mutually dependent. . . . 
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In general form, the central problem may be thus stated : Standing in face of 
the whole world of mental activity, actual or possible, let us proceed to analyse 
all complexes of thought with which we meet, so as to exhibit them as composed 
of simpler forms; these forms again let us reduce to greater simplicity; in the 
course of this investigation, having observed that the processes, or schemata, of 
thought in one domain resemble those of another (the variations being found in 
the ditferences of the objects referred to the schemata), and having observed, 
moreover, that the processes most often consist of combinations of simpler 
processes, or reiterations of such processes, we are at length brought to ask the 
question, as to whether it be possible to continue the analysis until a limit be 
reached at which no further analysis is possible, and then, examining with the 
closest scrutiny the mental processes that occur at that limit, we ask—is it possible 
to formulate these processes, to define their character with precision, to show that 
they are necessary to the simplest modes of thought, and that they are sufficient 
to explain the most complex mental operations; and that consequently, by 
retracing the steps of the analysis and representing the course of the thoughts in 
synthetic forms, we may show that by the combination of these fundamental pro¬ 
cesses the constitution of any possible synthesis in the realm of thought may 
be exhibited? 

Stated in these terms the problem appears abstract and intangible. The 
abstract character arises from the extreme generality of the expressions, the word 
“generality” being here used, in the sense usual in mathematics, not of loose¬ 
ness nor vagueness, but as embracing all particular cases. When particular cases 
are examined, that is to say, when the system involved in the solution is applied 
to concrete examples, then the fecundity of the method will be evident; we will 
find here a powerful instrument of thought applicable to all domains* 

The intangibility of the question has been such that in the whole literature of 
psychology there are extremely few instances of formulation of the problem in any 
manner similar to that here given. Certainly it is possible, once the system is 
grasped, to trace the correspondences it presents to those of Aristotle and Kant. 
Neither of these philosophers, however, found a principle of division to guide the 
research ; there is no attempt to prove that the categories are both necessary and 
sufficient; the analysis in both cases is tentative and weak. 

Certainly the task of tracing down all complex syntheses to their elemental 
forms would be hopeless. Convinced of this, therefore, 1 sought other means of 
attack. Certain suggestions came to me which proved to be not independent 
of each other, and at length I obtained a starting-point. One of these was that 
since we must trace all forms of thought to the simplest, we should concentrate 
our gaze upon simple modes, and make a beginning with any of these selected 
with as much judgment as possible, at the same time looking out at that level for 
a principle of division. 1 determined to examine with persistent attention simple 
movements of the mind, so as to discover the minutest wheelwork of the mechan- 
and thus to gain power to trace out the successive steps of the working. 
This method suggested to me the expression “putting the microscope on the 
thoughts.” Some of these simple forms I found in the study of the axioms of 
geometry. 

Another suggestion that arose was that, as I could trace most algebraical 
methods to combinations of the familiar processes of addition, subtraction, multi¬ 
plication, division, and £nally to addition and its inverse operation, together with 
a system of symboliftcation, it became laudable to scrutinise in the microscopical 
maimer indicated the process of addition. From this I was led to a study, an 
intensive examination, of the processes involved in counting. 
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At length I began to see that in this study was to be found the clue to the 
whole problem. It led, for one thing, to the consideration of a question that 
for centuries had been asked by psychologists, and to which various answers, 
some fantastic, had been given by great authorities—viz., as to how many ideas 
the mind can at one time entertain. Amongst the endeavours to obtain an 
answer on scientific grounds may be cited those of Bessel and of Weber. The 
greater part of the writings on the subject are vitiated by that spirit of inconclusive 
disquisition which has descended to us from the Schoolmen, and which remains 
as the model of the academic philosophers of to-day. 

In regard to this question I recognised its cardinal importance, and, travers¬ 
ing the arguments of Bessel and Weber, I have shown their insufficiency, and 
have submitted a series of new arguments which, I believe, will be found to be 
decisive. The mind cannot at any moment entertain more than one object of 
attention, together with the relation that associates it with the next. The word 
object ” is here used, not with reference to any meaning that opposes objective 
to subjective, but as including any sensation, idea, or incident, of mental life, 
which can be regarded at the moment as the matter of attention. The term I 
have used in my book is—“ Immediate Presentation.” 

The meaning of counting arises clearly from this—it is the registration, in 
some form or other, by means of symbols, of the successive acts of attention, or 
the reception as Units of the series of Immediate Presentations. 

The word “successive” is here inevitable; in other words, the recognition 
of Time in elementary movements of the mind is a condition of our conscious life. 
Space also forms a condition. 

At the threshold then, and it is for this reason that I have concentrated on this 
part of the field, we have already ascertained certain processes as necessary, or as 
1 have called them, fundamental. The relation of one Immediate Presentation 
to another implies Association, and the series, even of two, implies Memory. 
The process of counting already involves Symbolification. Here, however, I have 
used the term “ Generalisation,” which I have shown to involve Symbolification 
and Classification ; these are but different aspects of the same process. 

• The next process to be considered is that of which the inverse is usually 
discussed under the title “ Discrimination.” I have called it Agreement, because 
when, after a certain sequence of mental experiences another similar sequence 
arises, there is a tendency in the mind to facilitate this second sequence ; or there 
is an expectancy of Agreement, and it is the disappointment of this expectancy 
that directs the mind to the points of difference, and so gives us the experience 
of Discrimination. 

In these experiences the affection of the mind, when the conditions are 
established, arises spontaneously and inevitably. The combination of the move¬ 
ment of thought, so that the successive conditions may be produced, depends on 
an extraordinarily complicated underlying mechanism, the physical correlative to 
the mental state; and the successive impacts giving rise to new mental states. 
In this simple form Immediate Presentation manifests itself in consciousness as 
the result of the process of Impulse. 

This process contains the germ of what we know as Will. 

The Sense of Effort is not to be confounded with Impulse. The Sense of 
Effort has the same relation to motor acts affecting the efferent system, as 
Sensation has to efferent stimulation. This is one of the most recondite 
questions in the whole range of psychology, and I have devoted to it a special 
examination. 
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A quality involving pleasure or pain is obviously present in certain sensations, 

I submit that an element of Hedonism is present, inseparably, fiom all sensation. 

We have seen that the inverse of Agreement is Discrimination; every process 
has its inverse. The universality of inversion I have indicated by the term, 
“ Negation.” 

I have here indicated the processes which are present in all mental acts : 
Immediate Presentation, Unit, Memory, Association, Agreement, Generalisation, 
Impulse, Sense of Effort, Hedonism, Negation, Time, Space. 

I call these the Fundamental Processes. I prove that they are necessary 
even in the simplest forms of thought. I prove that they are sufiicient to account 
for the most complex, and that this is the case for all thoughts possible as well as 
actual. 

This, at first sight, presents a problem that by its limitless complexity and 
delicacy, verging on the intangible, baffles the effort even to find a principle of 
division. Certainly the solution could not be obtained in any other manner than 
by the toute that I have already indicated, yet a clear understanding of the 
preceding discussion points the way to the command of the whole field. 

If each Immediate Presentation be a Unit, then in all these exists a common 
ground of Agreement—viz.: all that underlies the limit of our analysis and enables 
us to speak of Unit. The differences—objects of Discrimination—-of Immediate 
Presentations differ in the quality of the sensations involved. Underlying any 
plexus of sensations, presented in any manner of succession and in any com¬ 
plexity, there is a schema of processes such that the schema would remain the 
same if at each Immediate Presentation the quality of the sensation differed from 
that of the first series of complexes. But making abstraction of this quality in 
Immediate Presentation, and remembering what has been said in regard to the 
Unit, we find in each schema an example of simple mathematical processes* 
Therefore, that schema, and hence all schemata no matter how complex, must be 
developed in the manner corresponding to that in which all mathematical pro¬ 
cesses, no matter how complex, are developed from counting. Therefore, we 
know that if we cover the whole field of which the schemata correspond to the 
whole field of mathematics, then by adjoining the actual objects of sensation—or 
more generally, the Immediate Presentations—in each clement, we cover the 
whole field of mental experiences. 

I have said that with regard to mathematics I reserved the questions of 
Infinity and of Imaginaries for special consideration. I have shown after ex¬ 
amination that the introduction of these concepts does not make infirm the rigour 
of the argument which, in its bare lines, I have indicated.^ 

So far we have entered on a course of thought that leads us widely apart from 
the disquisitions in authoritative works on Psychology. I have not sought 
originality for the sake of originality, but I have followed step by step the path 
opened up by my analysis in the search for the underlying verities. We are here 
dealingwith the subject in a manner which is as near an approach to that of an 
exact science, as for instance, mechanics, or even geometry, as the subject itself 
permits; and it will be evident to most that even if details in the course of my 
arguments were faulty, the true method would consist simply in a rectification of 
such errors. 

1 have to add one point more, and that of particular interest, before turning to 
another aspect of this study. 

So far I have tacitly assumed the Idealistic standpoint; that is to say, I have 
^ In PsfcAohgy: a New System (Stephen Swift & Co.), 
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considered that the mental experiences correspond to the external world ; and the 
question arises as to how wfe can be sure that the whole range of objective facts 
may thus be covered, or that there may be no influence from without which may 
not disconcert the whole system of Psychology obtained on the subjective stand¬ 
point, These considerations are delicate, but, if only on account of a sense of 
vagueness left in my mind as to what was here involved, I felt constrained to hold 
back for years the publication of my system. Finally the question resolved into 
this : Starting from the Idealistic standpoint and continuing in consistency with 
this principle, is it possible to arrive at a complete sense of objectivity such as is 
assumed by the ordinary man who has never thought of these problems at all ? 
I say, Yes, and I prove that there is no other way of arriving at the sense of 
objectivity. 

The Idealists of the Berkeley School do not claim this result, and the Common 
Sense School of Reid has held this crux before the Berkeleyans as a sort of 
reductio ad absurdum of their principles; but, bound to neither of these sects, 
I find that the Berkeleyans have failed, not by reason of their devotion to 
Idealism, but on account of their lapses into a crude form of Materialism implied 
in a tacit recognition of the doctrines of localisation. Given complete illumination 
and rigorous consistency to the true doctrine of Idealism, and depriving Common 
Sense of its resource of putting forth as good argument its incapacity for analysis, 
then a reconciliation becomes possible between these schools apparently so 
opposed. 

I had early begun an analysis of Externality, tracing out minutely the suc¬ 
cessive steps of the development of the notion of objectivity, importing into the 
question nothing but sensations and their relations, beginning with the simplest, 
and proceeding to highly developed complexes. One day in Paris, meditating 
intently on this subject, I saw in a flash of illumination the link that had been 
missing, and which now completed the union between Idealism and Common 
Sense. The Berkeleyans themselves had regarded their own processes from an 
objective point of view, and it was only by a paradox that they could maintain the 
position of the external world being resolved into ideas in the head, or brain, of 
the subject. 

But the true Idealist has nothing to do with this assumption. Where are the 
ideas ? Precisely where the object is, as conceived in a complex series composed 
of ideas. Take an external tree, for example, the idea of that tree is where the 
tree is, as we conceive it amid the complexes of our ideas; and the notion of 
externality of the tree is reached by the processes, and entirely satisfied by them, 
involved on the one hand in the successive receptions of the ideas referring to a 
})hysical self, and on the other hand in the successive receptions of the sensations, 
with Iheir relatives intervening, between that notion of self and of the tree. The 
ideas referring to a physical self are, of course, subject to the same kind of 
analysis as those referring to the tree. 

If it be said that the ordinary uneducated man has the notion of objectivity 
immediately, and without analysis, I say that the ordinary uneducated man never 
uses the term “ objectivity,” nor thinks in such terms; and that processes, of which 
the counterparts are expressible in forms of analysis, are being carried on and 
repeated in his experiences continuously throughout his conscious life. The 
ordinary man acts automatically without the necessity, in this regard, of analysis, 
just as he walks without knowing anything of the components of the mechanism 
which enables him to do so, and the study of which enables the anatomist to 
explain the manner of his walking. If, however, the ordinary man were asked 
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to describe what he does see, and without the assumptions contained in our 
habitual forms of speech which have registered the experiences and thoughts of 
countless generations of men, then the ordinary man would be brought to repro¬ 
duce in inverse order the analysis which I have indicated from the Idealist’s 
standpoint. 

The matters which I have set out here in bare outline form the gist of the 
exposition of the two volumes of Psychology : A Neiv System^ and I refer readers 
to that book for a detailed exposition. 

I say that in establishing the Fundamental Processes of the mind, and show¬ 
ing that no other assumption of processes is necessary in the highest development 
of thought, I have given the solution to the great central problem of Psychology. 

Such an analysis is sufficient for those who simply desire to know philosophi¬ 
cally the secret of the mechanism of thought; but there are others who are not 
content until they can see the application of a system in particular examples. 
They want results.” From this system, however, corollaries of high importance 
spring up in such fertility as rather to disconcert those who, asking for something 
new, are themselves anchored to false positions. 

Necessarily, as we see from the threshold, the system must affect the whole 
domain to which the word “Education’’ is applicable. This study should be 
regarded as of the same vital importance to education in any form as anatomy is, 
say, to orthopaedics. It is true that generations of educational authorities have 
issued rules without knowing anything of this analysis, but it is also true that 
generations of men have performed surgical operations in ignorance of anatomy. 
They have often bungled without knowing why they bungled. That is true of the 
educational authorities. 

In more definite instances : 1 will, out of thousands of applications to problems 
in mental science, indicate two or three of special importance. The Transcen¬ 
dental philosophy of Kant has dominated orthodox circles of thought, and particu¬ 
larly the great Universities, for generations. I deal with that philosophy in a 
manner analogous to that in which Lavoisier treated the theory of phlogiston. 
He brought it to a definite test. The pith of the Kantean system consists in the 
conception of a Transcendental world in which Pure Reason and Will coalesce. 

1 subject the processes or faculties of Reason and Will to an analysis far more 
searching and minute than anything Kant has shown-—I reduce them to terms of 
the Fundamental Processes—and I demonstrate that because, viewed in regard 
to their elemental structure, they are differently composed, then neither in the 
Transcendental world, nor in any other, can they coalesce. 

Another of the sacred doctrines of the Universities, and of the Medical 
schools the world over, is that of Broca’s Convolution, the third left frontal con¬ 
volution. 

I have shown, from consideration of psychology, that here one is less able to 
decide that the doctrine is right or wrong than to affirm that the enunciation of 
the doctrine usually given involves misconceptions of the nature of the phenomena 
in question. Here, it happens, I can cite authority, though I do not wish to have 
recourse to that in support of my arguments. Dr. Marie, working at Broca’s own 
hospital, the Salpdtri^re, and with cases more numerous and better selected for the 
purpose than those of his predecessor, comes to conclusions, on the clinical and 
histological side, which bear out what I have set forth with more particularity on 
the psychological side. . • . 

In the field of Association again I have developed the scope, and shown the 
power, of this system, if only in its adapted use as a means of investigation. 
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Elsewhere ' I have published some results of these studies, as for example, in the 
consideration of the mystery of Shakespeare^s sonnets. 

In the field of Memory I have instituted a new style of examination, and have 
established a senes of new results. 

Among other fields into which I have introduced new considerations may be 
mentioned those of Dreams, the Sense of Effort, Fechner’s Law, Mathematics, 
and, finally, the establishment of a basis for a scientific treatment of Ethics. 

I will not continue to speak of these corollaries of the main principles ; I will 
only say that just as in mathematics the Cartesian system opened the way to the 
solution of countless problems even in fields never examined by Descartes, so the 
Fundamental Principles will throw light on problems in every domain of thought, 
and illuminate the whole field. 

The greatest advantage, however, when the problems of the ordinary text-books 
cease to be stumbling-blocks, will be found in the habitual use of the system on 
the part of those who have completely mastered it and make it a part of their way 
of thinking. It will be found to be like a clarification of the medium of vision, 
and in dealing with questions that arise in various fields, whereas otherwise we 
must often be content with “ symbolical ” demonstrations, we are by this system 
enabled to trace down every argument to its basis, and so to attain at length, 
even in matters of pUiSzling complexity, a sort of “ intuitive ” view. 


DALTON’S DEBT TO DBMOCBZTUS (Joshua C. Gregory, B.Sc., FXC.) 

I'liE Great War has brought the angel with the sable wings to so many doors 
that the emotions aroused by death, ahvays present and always poignant, have 
gathered into a great wave to sweep through the hearts of men. This wave of 
emotion has touched the mind through the heart and turned it, now wistfully, now 
with eager hope, now doubtfully, now with firm conviction, towards the belief that 
the dead can remain in communion with the living. This belief has been so long 
a candidate for recognition in the world; it has been, in turn, so passionately 
believed and so scornfully rejected, that it is difficult to be sure whether it be 
merely experiencing one of its frequent recrudescences, or whether it be at last in 
the act of confirming the claim so frequently allowed to it and then rej*ected. 

Thought has constantly, during human history, produced conceptions as candi¬ 
dates for recognition. Many of them, like the once prevalent belief in metamor¬ 
phosis of animals into men or of men into animals, have ceased to be candidates 
at all Others, like the Greek theory of cosmic cycles that constantly return the 
round of change to its starting-point, remain permanent candidates with varying 
fortunes as they are alternately received into favour and displaced from it. 
Others again cease to be candidates through final acceptance. The prolonged 
candidatures of many conceptions, such as the theory of organic evolution now 
firmly associated with the name of Darwin, give rise, from time to time, to fierce 
contioversies over the names of their inventors. Samuel Butler’s savage attack 
on Darwin’s right to be regarded as the founder of the evolution theory confused 
the simple recognition of the evolution theory as a candidate for recognition with 
the penetrating vision that perceived the foil nature and value of its claims. 
Butler may have been right in supposing that Buffon, beneath apparent deference 
to the predominant theological view of his time, ironically suggested the evolution 
of animal species into and out of one another. Sir Walter Raleigh may have 

* In The Book Month , July X919. 
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hinted at organic evolution, at transfoniiism, as Butler asserts he did hint, when 
he compared the cat with the ounce, the dog-fish with the shark, and the Hispag- 
nolian with dogs and wolves. Goethe suggested the formation upon an original 
of all more perfect types ; Erasmus Darwin surmised that an original living fila¬ 
ment was excited into action by necessities and became the source of all organic 
life; the author of The Vestiges of Creation^ Lamarck, and many others understood 
transformism to be a candidate for recognition. Tliis candidature had been 
realised by the Greeks *. Anaximander, for instance, supposed that fish deserted 
the water for diyland, acquired new members and became man. The candidature 
of ti'ansforniism dates back virtually to the first “ syllable of recorded time ” in the 
universal belief in metamorphosis that dominated the primitive mind, Cinderella’s 
coach, made from a pumpkin, and her horses, transformed mice, still preserve for 
the nursery an echo from the beginnings of transform!sm’s candidature for recog¬ 
nition. But Charles Darwin first perceived and disclosed the real value and 
character of the candidate. His originality, his claim to be regarded as the real 
founder (not merely the suggestor) of the conception of ofganic evolution, rests 
on the final dominance he secured for this conception. Before the publication of 
the Ongin of Species in 1S59 it was possible to think without reference to trans- 
formism; after its publication it was no longer possible. The conception of 
organic evolution, the conception that species increase and spread by the trans* 
formation of previous species, stepped from its status of mere candidature for 
recognition into the position of a determining category of thought, still compelling 
us to think in its terms and to conceive of all life according to the method it 
imposes. Charles Darwin made the concept of evolution a dominant concept; 
till he made it dominant it had never been more than an interesting suggestion, 
Dalton did for the corpuscular theory of matter what Darwin subsequently did 
for transformism. Physical speculations had never been able to proceed very far 
without the assumption that matter consists of small ultimate particles. They had 
proceeded without it, just as interpretation of animate nature had been possible, 
and to some degree successful, without coming under the dominance of the 
concept of evolution. It seems fair to say, however, that the corpuscular theoiy 
of matter, possibly because it was more essential to thinking at all than the 
concept of transformism, was more specifically thought out into the system 
of thought before Dalton established it firmly and dominantly in the Atomic 
Theory than the theory of organic evolution was thought out as a primary concept 
before Darwin impressed its recognition. For this reason, possibly, Darwin’s 
inception of the doctrine of organic evolution evinced more of the character of an 
ad hoc hypothesis than Dalton’s introduction of the Atomic Theory. It wjuj 
thought formerly that Dalton did first propound his hypothesis absolutely nd 
hoc. It was supposed that, to explain such principles as the constancy of 
proportion discovered in chemical combination, he again invented the idea 
of the atom, just as the Greeks, long before him, had invented it to explain the 
phenomena of the material world. It is improbable in the highest degree that 
Dalton should have been so ignorant or forgetful of the atoms or corpuscles 
figuring for centuries in physical speculation as to conceive his Atomic Theory in 
entire independence of previous theories. Roscoe and Harden have shown that 
he did, in actual fact, found the Atomic Theory as an adaptation of previous 
corpuscular hypotheses to explain the discoveries of chemistry. Darwin was 
apparently less dependent on previous versions of transformism than Dalton 
on previous versions of corpuscular theories. Malthus suggested to him his 
famous theory of Natural Soloctipni smd by this route he again encountered the 
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constantly recurrent idea of the transformation of species into one another, that 
he established, by bis masterly analysis, as one of the dominating conceptions of 
modern thought. 

The concept of transformism, by deepening apprehension of the continuity 
pervading the evolution of the forms of life, has deepened apprehension of the 
continuity running through the evolution of human thought. This continuity is 
not the simple persistence of conceptions as they wait patiently through the 
centuries, now receiving more favour and now less, until they are summarily 
dismissed or received permanently into thought. The doctrine of transformism 
was prejudiced by its early association with metamorphosis. All primitive notions 
of facile transformations had to be cleared out of it. The various doctrines of 
metempsychosis and transmigration of souls, deriving their schemes and systems 
from the unorganised multitude of beliefs in metamorphosis scattered through 
primitive thought, though they might provide a version of the fundamental notion 
involved in the modem doctrine of the transmutation of species acceptable to 


some ages, did not provide a version that could result in a rational, permanent 
and dominant concept of the evolution of life. No two ages think alike : few con¬ 
cepts, if any, though they retain the permanent individuality implied in the 
continuity of life between the mature man and the infant in whom he can hardly 
recognise himself, are the same at the beginning and end of their history. The 
concept of the transmutation of species has been a candidate for recognition from 
the far past until now; but it has greatly changed its mode of candidature from its 
earliest forms, still represented by Australian aborigines who believe that^ certain 
sacred stones are transformed, when their times come, into kangaroos, to its more 
rational claims in modem evolutionary thought. 


The corpuscle, or atom, too, has a history behind it. Dalton had a hypo¬ 
thetical material particle placed at his disposal for theoretical interpretation that 
has given science a grip over her data and a power of deductive insight almost 
unparalleled in the history of thought. The atom has not ceased to change since 
Dalton’s day, just as it had a history before it The minute particle of matter, an 
ultra-microscopic dust-particle, served adequately as a mental image of the 
Daltonian atom; it is no longer an adequate image to represent modem physical 
speculation on its nature. It is diiSRcult to-day to conceive the atom in a way 
adequate to the interpretative demands madq upon it: we, who live in the midst 
of this struggle for adequate conception, readily realise the difficulty. It is much 
easier to forget or ignore the struggle imposed upon the human mind to secure 
the conception which finally enabled Dalton to place the corpuscular theory of 
matter in the position of a dominating, fertile, and marvellously effective concept. 

Science has interpreted nature with extraordinary success by applying the 
concept embodied in the notion of the corpuscle or atom as an infinitely small 
solid particle controlled entirely by mechanical laws. This is the core of the 
idea; the notion used by Dalton, and even employed to-day as a working notion 
by chomislry, though the conception of an indivisible, impenetrable solid has been 
the slepping-off place for modem speculation rather th^ a permanent resting 
stage. Success in one direction usually raises difficulties in another, and the 
success of the mechanical concept of nature has been no exception to the rule. 
The resolution of material bodies, their changes, their interactions-all the many 
and varied phenomena of the outward world, so successfully into motions of 
particles, has converted the appearance of consciousness, or even of life in its 
unconscious phases, into an apparently insoluble mystery. The evidence gathered 
by science since the foundation of modem chemistry by Lavoisier has steadily 
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converged on the overwhelming probability that the living emerged from the non¬ 
living, constiousness from the living and the mind of man from its first more 
rudimentary forms. Science, in obtaining its conceptual grip on inorganic nature* 
and even on the physico-chemical processes within living organisms, has steadily 
resolved nature into a system of particles moving under complete mechanical 
determination that seems, whatever may be the real truth, to be entiicly incom¬ 
petent to produce either the more highly developed mind of man or the less 
developed animal mind that appear to have had their source in it. This particular 
problem is not under discussion here; it serves, however, to emphasise how 
necessary it was for thought, in its attempt to conceive the universe, to establish 
the notion of the purely mechanical particle or atom as a dominant concept or 
constitutive category. The conception of matteV as composed of ultimate particles, 
mechanical all through, seems to the modern mind so inevitable, so natural, so 
adapted to scientific interpretation, that it finds it difficult to understand how hard- 
won an achievement it was. Yet the atom’s history, as it appears in the earlier 
candidature of corpuscular theories for recognition, indicates an arduous develop¬ 
ment before Dalton could draw freely on completely mechanically conceived 
particles. 

There was the minor diifficulty of conceiving gross bodies, apparent to sight, 
touch or hearing, in terms of minute particles. Imagination was needed for the 
speculative reduction in size of perceived material objects to atomic dimensions. 
It was not left without hints : material objects vary in magnitude from mountains 
to pebbles—suggesting the extrapolation of still vaster objects on the one hand 
and of still smaller on the other. Very Small objects suggest still smaller— 
motes ” in sunbeams gave the Greek mind a conceptual start towards the idea 
of the atom. Imagination could overcome this primaiy difficulty and other 
difficulties connected with it: the names of Leukippus, Democritus, and Lucretius 
are a sufficient reminder that it did overcome it; but corpuscular theories did not 
appear in the first instances of Greek speculation. It seems to have been easier, 
in the beginnings of philosophical and scientific thought, to proceed in the opposite 
direction to the speculative diminution of perceptible bodies into very small atoms 
and draw out matter into a vast, extended continuum. Thale.% if we can expand 
the few hints of his thought that tradition has preserved, thought of water as the 
original, homogeneous matter that difierentiated into the varied elements and 
objects composing the world. Prof. Ward, in his Psychological PrinctfilcK^ 
suggests that primitive men, while fiishfoning their tools and weapons, woukl 
naturally think of a “mother-stuff” or malorics formed into many things, and 
remaining mote permanent than the varying forms into which it passed or was 
fashioned. Since it would be natural for refioctivc thought, as it passed into the 
more reflective form recognisable as science or philosophy, to proceed at the first 
by a reflective extension of traditional concepts, Thales is quite the natural 
successor of the more primitive thinkers who preceded him. Anaximenes identi¬ 
fied the “ mother-stuff” with air, Anaximander pushed the fundamental concept 
of a primary formless continuum into its abstract extreme by defining primitive 
matter as the “ eternal, infinite, indefinite ground, from which, in order of time, 
all arises, and into which all returns.” 

The notion of matter as an original, formless, ultimate, extended continuum, 
passing into the varied items of the world by the impression of forms upon it or by 
differentiation, first delayed the corpuscular theory and then assisted it. The 
evolution of the primary matter into objects steadily decreasing in size, from the 
vaster masses, like seas and mountains, to such minute bodies as the “ moles ” in 



ESSAYS - 483 

sunbeams, would suggest the same speculative extrapolation of smaller bodies 
still that reflective inspection of the different magnitudes of bodies would suggest. 
Thus, by a natural, perhaps inevitable, movement of thought, the Greek mind first 
attempted to conceive the material world by magnifying magnitudes into one vast, 
original matter, and then comminuted it into smaller parts during the attempt to 
derive the actual world from its speculative original. Another step, inevitable 
perhaps, though probably more difficult to take than we can appreciate, took the 
(Greeks straight to the conception of infinitely small particles or atoms as the 
structural elements of all bodies. Then the atom took the place of the “ mother- 
stuff” as the original constituent of matter. The concrete movement of thought, 
with its tortuous complexities and continuous persistence against the clog of the 
past that tends to restrict it, can only be inadequately represented in summary. 
Nevertheless, the milestones and signposts do describe the journey, though they 
are silent on the burden and heat of the day. Anaximander derived the universe 
from avast continuum of ‘‘ mother-stuff*'—^matter was, so to speak, its own ultimate 
constituent. Empedocles began to break up this single constituent into more 
elementary constituent parts, though he went no further than the four elements— 
eaith, water, air, and fire. These elements were divisible primal matters and 
thus ready to be broken up into further constituents. The opinion of Anaxagoras 
that the ultimate constituents were the particles or “ seeds’* of stone, gold, water, 
and the like, constituting individual stony, golden, watery and other objects, was 
logically transitional between the four elements of Empedocles and the atomism 
of Leukippus and Democritus. It had been impossible to strike out at one stroke 
the concept of immutable material particles, extended, indivisible, and differing in 
si2:e, shape, and weight. It had been impossible to begin the interpretation of 
nature by means of different atoms, their movements and their arrangements. 
Dalton was indebted to a struggle of thought, occurring more than two thousand 
years before him, for a concept that he made into such a powerful instrument of 
scientific interpretation. 

Thi^ minor difficulty (if it be fair to call it minor”) of conceiving minute, 
ultimate particles at all was organically connected with another serious hindrance 
to the conception of mechanical atomism. This hindrance can be analytically 
isolated for discussion, though not isolable in fact. Bergson (in his Introduction 
to his Creative Evolution) says that the intellect is at home among inanimate 
objects, and most at home among solids. Its logic, he adds, is a logic of solids, 
and ks concepts arc modelled on the solid material body. The concept of the 
corpuscle that has so effectively served the mechanical interpretation of ^nature, 
which, in Us turn, has demonstrated its power in the mastery it has bestowed 
upon science over material processes, is obviously modelled on the solid body. 
The atom that made the Atomic Theory a dominant concept is primarily, and in 
the first instance, a speculatively attenuated inanimate solid. But the inanimate 
solid body was not the first model. A complex process of thought can be sura- 
mrirised, adequately, though under the limitations of all concise summarisation, by 
identifying it with a speculative attenuation to atomic dimensions of the anitnaie 
object. Before the atom could dominate the fnechanical interpretation that has 
given science its grip over phenomena, its psychism had to be squeezed out of it. 

It is possible that the dregs of its original psychism have not been squeezed 
out of it yet. Science is being urged to-day to drop the concepts of “ force and 
** cause,” ** Force,” it is argued, is the ghostly remnant of the Empedoclcan strife 
and friendship that disunited or united the elements, or a name simply pretending 
to have abandoned the idea of psychical control over bodies and their movements. 
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“Cause” conveys the meaning of “effective operation upon” originally derived 
from the sense of our own efforts and actions on our surroundings. It is difficult 
to decide whether, in attenuating the material body to atomic dimensions, a little 
bit of psychism did or did not remain up to the days of Dalton with the little bit 
of matter; it is not sO difficult to perceive that animistic conceptions weie included 
in the first Greek speculations about matter, as about all else. 

The backward glance of history along the track of thought notes psychisms 
disappearing from the concept of matter. The familiar “ abhorrence of a vacuum ” 
was a psychism—an endeavour at explanation, through a concept obviously 
couched in psychical terms, that evoked the caustic comment from Torricelli, 
when he supplied the mechanical explanation of the mercury column in the 
barometer, that nature evidently only abhorred a vacuum to the height of twenty- 
nine inches. Descartes, Prof. Ward remarks, finally cleared matter of animism. 
The psychisms he expelled were perhaps a considerable residuum, but only a 
residuum, of the pervasive animism organised into the first Greek conceptions of 
the material world. 

When Prof. Burnett, in his Gree^ Philosophers^ says tlxat “ the Milesians had 
reached the conception of what we call ‘ matter,* ” he substitutes the final product, 
a conception of matter in terms of non-psychical particles controlled solely by 
mechanical laws, for the animistic original in the minds of the first Greek philoso¬ 
phers. The saying of Thales, fortunately preserved in his sparse tradition, that 
“All things are full of gods” does not sound like the voice of the modern 
physicist, who would hardly regard his atoms as containing gods, or, to use 
a more satisfactory equivalent for the “gods** of Thales, as animated. Prof. 
Burnett explains this outburst of mystic enthusiasm as “ polite atheism.” If all 
things are full of gods they are all on the same level: it is as though there were no 
gods at all—Thales is a materialist through and through. Bunictt definitely com¬ 
pares Thales, Anaximenes, and Anaximander to modem materialists who derive 
everything from lifeless matter mechanically conceived. Thales did place all 
things on the same level, but it was a psychical level; all things were alive. The 
primary “ water ** of Thales, or the “ air ** of Anaximenes, or the “ infinite ** of 
Anaximander are, however, inadequately lendered either by comparing them to 
our modem “ matter ** or to our modern “ protoplasm.** To think of protoplasm 
as animated matter, a clear, definite distinction must first be drawn between the 
purely material and the vital or the psychical Science has prospered by abstract¬ 
ing the material from the vital and the mental to be studied as a .sepannle domain 
in mechanical terms; but this abstraction was not .struck out at a blow, Hie 
thought of Thales was more homogeneous and imdilTercntinted than our con¬ 
ceptual system, with its sharp analytical distinction between the psychical and the 
material: Thales simply thought of all things in one great round of transformation 
from the primal “ mother-stuff’* and back to it again. 

It is generally admitted that our sharp discrimination between mind and body, 
between the physical and the psychical, dates from Descartc.s. Aristotle did not 
sever them so completely, even in thought, though he realised their distinctiou 
and was familiar with the conception of the soul’s incorporeality. Anthropology 
informs us, as Prof. Ward remarks, that for primitive thought the duality of mind 
and living body is obscured by their close connection. Philosophy starts with 
the mental outfit provided by the past, and it would be indeed startling to discover 
that Thales and his immediate successors had leaped straight from animistic con¬ 
cepts, in which the physical and the psychical are organised together, into such 
purely physical conceptions as the production ol “earth” by the condensation of 
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ail through the intermediate condensation into water,” just as we regard the 
condensing of steam and the freezing of water. Prof. Burnett compares this 
\ conception of Anaximenes to the modem concepts of the physical states of matter, 
and regards it as typical of the purely physical conceptions attained by the 
Milesians. It is possible to pick out statements that imply only physical concepts ; 
It is equally possible to discover what seems to us an indiscriminate use of the 
physical and the psychical. Cornford (in his From Religion to Philosophy) is 
certainly nearer the truth when he describes the Milesian primary material as a 
subtle, mobile stuff, animate and divine. Anaximander conceived the eternal 
round of change in three main stages: the elements earth, air, fire and water 
separated from the primal materies ; then individual things were engendered from 
them. This process reversed returned all individual existents to the original 
continuum from which they came. A “mother-stuff” became four “daughter- 
stuffs” ; four “daughter-stuffs” produced the world of things. “Things,” says 
Anaximander, “ give satisfaction to one another for their injustice, as is appointed 
according to the onlering of time.” He seems to regard the combination, 
say of water and earth into earth-water compounds, as an encioachment by 
elements upon one anothePs domains, like attacks upon their neighbours by 
plundering tribes: “satisfaction” must be given by the return of the elements 
to their own private regions. “Satisfaction,” “reparation,” “injustice”—this is 
not the language of mechanistic physics. Such rampant psychism in Anaximander 
is a lucid commentary on the “ all things are full of gods ” of his contemporary, 
Thales : Thales* primal “water’’ was animate and psychic. Both were animists, 
no doubt, without knowing it—they did not realise any necessity to distinguish 
the psychic or animate from the physical, or, for that matter, the possibility of 
making the distinction. The Milesians mingled the psychical and the mechanical 
together. 

Atoms did not easily escape from this animism in their ancestry, Empedocles 
still drives his elements by hate and love. When his elements crumble down into 
the atoms of Democritus their psychism begins to escape, but it does not escape 
completely. The Greeks remained long in the relaxing grip of primitive animism 
because they could not rid themselves of the notion that the soul was the principle 
of movement, Aristotle remarks, in the Be Anima^ that his predecessors had 
handed down motion and sensation as “ the two characteristics of soul.” “ De¬ 
mocritus,” he writes, “ whose view agrees with that of Leukippus, consequently 
maintained soul to be a sort of fxre and heat ... he declares that those (atoms) 
which are spherical in shape constitute fixe and soul, . . . The reason why they 
maintain that the spherical atoms constitute the soul, is that atoms of such con- 
dguralion are best able to penetrate through everything, and to set other things in 
motion. . . Gomperz, in his Greek Thinkers^ notes that Democritus made the 
most mobile atoms the vehicle of psychic functions. The atom has begun to part 
with its animistic outfit—the least mobile atoms are being prepared for Dalton. 
But the deep impress stamped into the human mind by that impressive model of 
reality, the animate or psychic object, is not easily erased. Its close connection 
with movement kept the psychic anchored in matter. Democritus quite failed to 
de-animise the most mobilef atoms, and thought flowed on to Descartes before the 
final expulsion of animism from matter. By composing the soul of one set of 
atoms Democritus preserved in the very heart of the Atomic Theory the confusion 
between psychical and physical status; but he made possible the future victory 
of science in its long wrestle with animism, though he did not himself achieve 
that victory. Did Dalton realise the continuous mental effort, prolonged through 
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centuries, which at last gave him his atom free enough, if not quite free, from the 
psychism that long prevented the progress of physical science ? 

The more clearly we understand the course of human thought, the more 
clearly we understand our debt to the first Greek thinkers. Men had to pass 
through the first unrefleclive stages of thought when their concepts were, so to 
speak, produced spontaneously within them as a reaction to impressions from 
without. Two concepts, in particular, grew up inevitably within theivniinUs : they 
thought of the primary constituent of material bodies as a vast continuous 
“ mother-stuff,” and they look as their fundamental model, which may be the most 
valuable and fundamental in the final philosophical synthesis, the solid with a soul 
or mind in it. The Greeks did pioneer work in preparing the way for the 
mechanical view of matter that was a necessary scientific instrument for progress, 
though it may be neither all knowledge nor even the last word in chemistry and 
physics. They crumbled the “ mother-stuff” into atoms, and they expelled most 
of the psychism from them. This is a short summary of a long story, for the 
Greeks dealt with more problems, even in their Atomic Theories, than can be 
counted on the fingers of Briareus ; but it is enough to remind us that the Atomic 
Theory, like most concepts which attain to high status, has grown to maturity 
from roots deeply imbedded in the past. 


POX.XT1CS AITB SOXENCB (Frank H. Perryooste, B.Sc.) 

I 

For more than a generation past scientific men in this country have been warning 
their fellows that, unless they learned to appreciate science, to acquire the 
scientific spirit, and to orient themselves by the scientific pole star of to*day 
instead of by the z^tes faiui exhaled from a decomposing past, they would be 
punished by the d4bAde of our commercial supremacy, and by the compulsory 
resignation of the sceptre to those nations which, like America and Germany, 
have long since most thoroughly realised that science must now and henceforth 
lead and rule the world. Such appeals and warnings were necessarily addressed 
—on account of the hardness of men’s hearts, the grossness of their understand¬ 
ings, and the almost universal idolatry of lucre to the Briton’s regard for his 
wealth and his country’s commercial and industrial supremacy : but even so they 
failed lamentably, because an “education” based on centuries-old traditions 
had so thoroughly diseducated our political and industrial ruling classes that not 
even arguments levelled down to their own materialisiic criteria could penetrate 
their mental hides. To the explosively shattering and very nearly fatal lessons 
of the Great War even such hides have proved at last not quite impermeable; an<l 
at last even politicians and capitalists are realising, however inadequately, that 
science must be accorded a larger share than formerly—it could scarcely have a 
smaller—in national regard. There is now some real respect for, and tardy 
^ recognition of, “ applied ” science; and naturally scientific men are rubbing in the 
acid cure where the wound is tenderest and smarts the most 5 but they know only 
too well that, unless this nation will learn to love and pursue science in the spirit 
of true science-^'viz., from the love of knowledge as the quest of truth, and for 
the sake of culture—the victory will not have been achieved. Industrial and 
military success are among the rewards lavished by science: but actually they 
are, and should always be regarded as, by-products, as tesults not of the search 
for themselves, but of the wholehearted disinterested pursuit of science from the 
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love of knowledge, the desire to fathom—as far as fathomable—the mysteries 
of existence and consciousness, and the truly Hellenistic culture of “ this main 
miracle,” the human self. All this our great men of science most thoroughly 
understand and teach—at least to those fitted to receive it: though the grossness 
of the materialistic uneducated herd of politicians and capitalists and commercial 
men, and the enforced ignorance of the masses, too often compel them to base 
their arguments for the study of science upon the rewards of “ applied ” science. 

It is to be feared, however, that even many scientific men themselves have 
suffered from the absence of any really scientific education, of such an education 
at school and in earlier university days in general science as would make them 
visualise science as one mighty synthesis including not only physics and chemistry, 
astronomy and geology and biology, but also psychology and ethics and social 
Science—a synthesis all alike to be studied with the same rigorous scientific 
precision, and giving rise from its respective departments to branches of applied 
science in industry and warfare, and to the “ arts as in such cases we style 
“ applied science of the physician and surgeon, of the alienist, and of the states¬ 
man or politician as he should be but usually or almost universally is not. A few 
outstanding thinkers have fully realised tliis oneness of science and the univer¬ 
sality of its sway from the study of gravitating masses and vibrating molecules to 
the almost inextricably complicated phenomena of vast social organisms. Comte 
—whatever one may think of his conclusions and results—realised that sociology 
is, or should be, a science just as is astronomy, and can be effectively studied only 
after due preparation in the less concrete sciences. J. S. Mill devoted one book 
of his Logic to the scientific methods of inquiry specially suited to unravel these 
complicated social phenomena: and Herbert Spencer built up a mighty system 
of synthetic scientific philosophy, in which ethics and sociology were studied by 
the help of and were based on the ‘‘laws*’ and training afforded by the physical 
sciences, by biology, and by psychology. Notwithstanding, however, these great 
examples of a past generation, it is to be feared that too few, even of our greatest 
men in science, realise that sociology is an essential part of this vast scientific 
synthesis: and I do not know whether any of them, even among the few who take 
any active interest in “ politics,” ever give evidence of any greater knowledge of 
or regard for science in the sociological sphere than does the ordinary citizen or 
the common politician. However even epoch-making they may be in their own 
departments of science, they are not necessarily even scientific in their attitude 
to politics, simply because they have never received any instruction whatever in 
social science, which—being in many respects the most vitally important of all 
departments of science to us social units—has, by common consent, been regarded 
as quite outside any scheme of general education, even if some of us be so very 
advanced as to insist that physics and chemistry, and perhaps a very little biology, 
be taught as regular school-subjects. 

Now, it seems to me to be a very peculiar and outstanding merit of the Labour 
Party’s program, as laid down in Labour and Social Reconstruction^ that all its 
proposals, present and future, are and are to be based on the scientific study of 
social phenomena. I am not aware that any other political party-program has 
ever been based on such study—obviously indispensable and essential though it is 
—or tiiat any leading statesman of the last half century has manifested any 
practical consciousness of the teachings of such thinkers as Mill and Spencer 
Indeed, it is doubtful whether 5 or even 2 per cent, of them have ever studied the 
tooks of any such thinkers ; and so it has been left to the Labour Party to insist 
that you cannot build without reliable foundations, or steer without a compass. 
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If the Labour Party acts up to its professions, it will very abundantly justify its 
claim to be the Party of hand-workers and //^^jtfl^workers alike. 


II 

To have realised that, to be successful, political action and social legislation 
must be based on rigorous scientific study of sociology, is perhaps half the battle- 
hut probably less : and anyhow the second half or part of the battle is the worse. 
In other words, it is far easier for a scientifically-educated man to realise that he 
must be as scientific in his legislation as the engineer and chemist and physician 
in their arts than for him to determine exactly what he ought to do. 

He has to analyse phenomena far more intertangled—often almost hopelessly 
intertangled—than any presented to the chemist or the biologist. He cannot 
institute deliberate experiments on human society to determine whether a given 
procedure will be beneficial or fatal; and he has no substitute for viviscclional 
experiments on chloroformed animals. Observation of past successes or failures— 
chiefly failures—is of but very limited availability: and inductions drawn from 
such observations are often liable to the objection that, since social conditions 
have meantime changed, the inference from the past no longer holds good. 
Finally, in sociology more than in any other branch of science, even more, I think, 
than in psychology, the most scientific and most conscientious worker is liable to 
be all unconsciously biassed by the personal equation. It unhappily does not 
follow that two gifted scientific men both trained alike in the sciences especially 
preliminary to sociology, and both equally single-minded, will draw the same con¬ 
clusions from the same data. To take an example now a generation old—Huxley 
and Herbert Spencer, both earnest single-minded lovers of their fellows, both 
deeply trained in biology and psychology, tmd personal fiiends and comrades 
to boot, arrived at very different conclusions as to the necessity for or ruinous 
eflects of interference by the State in certain departments. Spencer consistently 
advocated laissez faire ; while Huxley declaimed against administrative nihilism. 
If such doctors disagree, how can a plain man dare to act ? Yet act he must: for 
in politics, whether he be a legislator or only a voter, inactionabstention 
from legislation or from voting—is a form of action. 

Ill 

Here we confront the principal objective of this article—viz,, the examination 
of Spencet’s fundamental political doctrine, which, advanced as a rigorous 
deduction from well-ascertained biological “laws,” cuts at the very root of all 
that is implied in that somewhat loose term socialism. No socialist reformer, 
maybe, has ever surpassed Spencer in his desire to serve his fellows and to build 
a new Jerusalem: but in their conceptions of the necessary methods Spencer and 
the socialists were utterly antithetic ; for the life-saving tonic of the one was the 
poison of the other. 

Briefly, Spenceris doctrine may be slated thus; that, as regards each indi¬ 
vidual, it is equally in accord with the demands of rigorous justice and with the 
vital permanent interests of the community that he should suffer or fail exactly in 
proportion to his merits—to his abilities, industry, character, and conduct; 
and that, as regards his children, it is in accord with natural biological justice, 
vital to the progressive betterment of society, and in the long-run most merciful 
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(or least unmerciful), that the children and descendants ot capable and worthy 
men should flourish and propagate their like, and that those of the incapable and 
degenerate and worthless should fail and succumb and die out. I intentionally 
state the contention in its hardest outlines, omitting all consideration of the scope 
afforded to private philanthropy to mitigate the lot of the hapless during their life- 
process of succumbing—for we are concerned with the legislative and economic 
attitude of the State or Community to classes of men—and omitting also all 
qualifications, on which no one could insist more strongly than did Spencer, as 
to the essential and so hugely neglected duty of the State to sweep away all 
artificial and State-imposed obstacles and disabilities of every sort that deny to 
the meritorious the natural rewards of their merits; for I wish to reduce the 
antithesis between the Spencerian Individualist and the Collectivist-Socialist 
doctrines to its naked essentials. If either be right, the other is disastrously 
wrong; any Community which systematically legislates and administers on the 
wrong doctrine is heading for ultimate disaster: and any Community which 
hovers and vacillates aimlessly between the two without any fixed principles ot 
scientific action is—well, to paraphrase Shelley—“ Alas 1 how many are the same.” 
Moreover, “ right ” and “ wrong ” here mean what they mean to the engineer or 
chemist or physician when he decides from exact knowledge that a suggested 
engine or process or cure will succeed or will fail disastrously because it conforms 
with or runs counter to verified scientific “ laws ” of nature. Right and wrong in 
sociology must mean scientifically right or wrong as in any other department of 
science. 

Now, clearly Spencer’s doctrine must be examined under two distinct 
divisions—-viz., (i) as regards the meritorious or incapable individual, and (2) as 
regards the (possibly indifferently average) children of each, who, independently 
of and additionally to their own merits or demerits, are to receive an initial start 
or suffer an initial handicap from the merits or demerits of their parents. This is 
clear enough; but a very little biological and psychological analysis will suffice to 
demonstrate that (i) must be subdivided into {a) the individuals who prosper on 
account of sobriety, industry, honesty, thrift, forethought, self-denial, etc., and 
their opposites who fail from neglect of some or all of these virtues ; and (d) the 
individuals (and conversely their opposites) who prosper exceedingly—or would 
do so under social conditions affording full play to merit, and tolerating no 
artificial obstructions thereto—through inborn genius. It is necessary to consider 
these two subdivisions separately, although the modern student of heredity and 
applied psychology very fully realises how largely {a) may be subsumed under (<5), 
and how completely all character that is really character is inborn ^: but he also 
realises that sufficiently powerful motives and systematic real education may do 
much to educe or induce many of the qualifications of (a) to a practically appreci¬ 
able degree ; whereas no human power, no ability diowever great for taking pains, 
can implant genius or talent in any man in whom it is not inborn. 

IV 

The triple problem being thus definitely stated, we now proceed to attempt an 
ethical and social solution based on biological and psychological science. First, 
let us deal with (i a), for here the problem is simplest. Here, too, the Indi¬ 
vidualist seems to be on pretty safe ground; since if of two men one declines to 

^ The psychological argument is discussed in detail in the third chapter of my 
Prolegomma to Tm Influence of Religion upon Moral Civi/isaRon, 

32 



SCIENCE PROGRESS 


490 

practise the industry and thrift and self-denial, etc., which the other systematically 
docs practise, then the latter should enjoy the full benefit of his merits, and the 
former should suffer all the natural results of his wilful demerits. That if a man 
will not work, neither shall he eat; that if he insist on wasting he shall be 
suffered to want; and that in general he shall reap as he will persist in sowing ; 
seems to be both biologically sound and sociologically just. Very obviously, too, 
it is to the permanent and general interest of the whole Community that the one 
type shall be encouraged and the other discouraged—and the more so since, on 
the average, the odds are that the children of each will be brought up to follow 
their respective parents* desirable or reprehensible procedure. In so far, then, 
it seems to me that the position of the Individualist is tolerably unassailable and 
in strict accord with scientific ethics. 

It is when we come to (i that the main difficulty arises: and here, if any¬ 
where, the Spencerian position can be turned. Consider the case of the men who 
may make fortunes ranging from comfortable to colossal, not by any exceptional 
practice of the virtues aforesaid, but by the exercise (in itself a pleasure by the 
bye) of such inborn genius as that of the inventor and discoverer, the outstanding 
artist or musical composer, or even very exceptionally, and under very favourable 
environmental conditions, the poet * or author—or by the mere possession and 
exercise of an unusually beautiful musical voice. I would include with such men 
also the exceptionally skilled surgeon who occasionally makes a moderate fortune, 
and the subtle and plausible forensic pleader who more frequently and less 
worthily achieves a larger fortune; and also, in short, every man who finds a 
profitable market for the practice of some inborn genius or talent or uncommon 
natural endowment. 

Now, the plain layman, I think, would very strongly affirm that all these men, 
iust as much as the industrious, etc., men in (1«), should reap the full money- 
harvest of the exercise of tf^eir abilities; and he would quite correctly remind us 
that many such men have started life under an initial heavy handicap of poverty 
or social inferiority, and by sheer force of genius—and, of course, by hard work— 
have achieved fame and success.' Quite correctly, loo, he will point out that, as 
regards the inventors of steam-engines and telegraphs et id omne and as 
regards the supreme poets and artists and musical composers, any fortunes that 
they may—occasionally!—have achieved for themselves are only drops in the 
reservoir of material and aesthetic wealth that they have filled for the benefit of the 
whole world. Spencerian Individualism, as I understand it, vehemently approves 
this decision of the plain man, and deduces from biology a complete justification 
thereof. In a word, what is true of (i <*) is held to be equally true of {\b)\ but 
here precisely it is that I join issue, and maintain that deductions from that part 
of biology dealing with heredity exactly invert the conclusion, and force u.s to 
admit that those in (1 are not entitled to the full harvest of their “ merits,** or to 
more than sometimes a very small proportion indeed thereof.’ If there is one 
thing most conclusively proved by those inquiries into heredity and genius, of 
which Francis Gallon was the great pioneer, it is tliat as regards every degree ot 
genius and talent and ability of every sort, Naiure^^te,^ inborn capacity—counts 
for everything, and Nurture for nothing. Since, then, not even the man of the 
greatest genius can claim the very slightest moral merit for his possession of 
genius—since it is inborn in him, and if not so inborn could not have been 

^ Monetarily, Tennyson did not do so badly. 

* The key to the kernel of this argument was indicated in a note to p* 96 of 
my Towards Utopia^ in 1894. 



ESSAYS 


491 

acquired by the most Herculean efforts on his part—how can it be maintained 
that he has any ethical or sociological claim to the harvest of that which biology 
proves he had no finger in sowing ? He is in the position of a trustee with huge 
responsibilities but with no ethical claim to be a beneficiary, except in so far as he 
is one unit of the beneficiary community. I admit that he is a compulsory 
trustee—in the very nature of the case he could not have been consulted as to 
whether he would be endowed with genius and trusteeship, or left unendowed and 
comparatively irresponsible; but happily to genius the chief joy of life is the 
exercise of genius ; and, therefore, he suffers nothing, but rather gains, by the 
moral obligation to exercise his gift to the fullest—though for the benefit of 
the Community rather than of himself. Since neither himself nor any one person 
among his ancestors endowed him with that genius which has somehow resulted 
from the combination of countless germplasms of the past, we can only say that 
to the present Community as a whole ethically and sociologically belongs the 
harvest of the genius which the Community of the past has unconsciously some¬ 
how sown, and which the protective and life-sustaining activities of the Community 
through a series of generations have enabled at last to develop. 

In common graciousness, in common decency, in common policy, any properly 
organised Community will ensure to the inventor or creator a substantial personal 
reward, not only equalling but exceeding the income accorded to the most 
industrious, etc., worker of similar education, and in very full proportion to intel¬ 
lectual and aesthetic as well as to merely material needs : but biology seems con¬ 
clusively to decide that the bulk of the harvest of genius is ethically the property 
of the Community and not of the individual. To put it in the concrete—if a great 
artist can make thousands a year, a special pleader tens of thousands, or an 
outstanding engineering or chemical inventor a still huger income, by the exercise 
of his genius, 1 utterly deny that he is ethically entitled to pocket more than a 
proportion in the first case, a pretty small proportion in the second, and an almost 
vanishingly small proportion in the third; and I afiirm—basing myself on ‘‘ laws ” 
of biology—that the bulk of the gain belongs ethically to the Community.^ 

Now, moreover, it must be pointed out that on ultimate analysis—as already 
hinted—the qualities commended under (i <^), or their potentiadities, are really 
also inborn. Thus, after all, biological deductions may seem to cut away the 
bases of even so much Individualism as we have conceded ; but here psychology 
helps us out. As 1 have already said, these qualities are very largely educeable, 
and even induceable, by adequate training and sufficiently strong motives ; and 
the possibility of civilisation as distinguished from savagery so largely hinges 
upon susceptibility to motives and foresight; and the cultivation of the habit of 
acting on far-sighted motive instead of on each momentary impulse is so abso¬ 
lutely vital to society; that it is sociologically sound policy, and, therefore, 
eminently right, to risk offering (biologically) far too much reward than a fraction 
too little, in order to encourage industry, thrift, forethought, etc. 

V 

We may now seem to have cleared the way a good deal: but really it is 
doubtful whether to the hottest Collectivist-Socialist the over-rewards of genius 
and talent—except in such cases of those of a singer or of an advocate making his 
tens of thousands—cause any serious concern. Numberless men of genius, to 

^ Full allowance of course, being made for, perhaps, many preparatory years 
during which the individuars reward was small, or nil, or perhaps notably minus. 
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whom all humanity is eternally indebted, have lived and died in comparative 
or absolute poverty or even penury, or sometimes have almost starved to death ; 
while men generally, or often consciousless exploiters of their discoveries or 
creations particularly, have harvested what they sowed in lifelong travail.‘ 

Even if the engineering or chemical inventor-—although possibly only applying 
the scientific discoveries of a never-rewarded man—amass a fortune for himself, 
yet the Collectivist knows that the gain of humanity at large is a vast multiple of 
the individual’s gain. The capitalist exploiter, rather than the occasional self- 
enriched inventor, is the Collectivist’s bugbear. 

When, however, we consider the converse of the men of genius, and when we 
recall that thousands of the failures in life are menially degenerate, that they are 
constitutionally insusceptible to motives to industry and thrift Jind forethought— 
when we realise that there is here a huge class of human beings who suffer 
necessarily a lifelong handicap from ineradicable inborn defects, for which they 
are no more responsible than are the gifted ones for their genius—then we per¬ 
ceive how profoundly the biological ‘Maws,” which we have examined, must affect 
our sociological canons. The sheer Individualist who—ignoring the personal 
irresponsibility for genius or degeneracy—takes his stand on individual merit and 
demerit, can only reply that here is an ample field for private voluntary benevo¬ 
lence, but that it would be wrong to mulct by State-action the meritorious and 
desirable in order to alleviate the lot of the however pitiable undesirable. As 
high as one goes above, however, so deep must one go below; and ifWe insist 
that the man of genius is a trustee for the Community, to whom really belong the 
creations of his genius, so per contra the Community of to-day must take the 
responsibility for the degeneracy which the Community of the past has handed 
down, and must supplement the earnings of those constitutionally unfitted to 
maintain themselves in comfort. As to the control that must accompany this 
responsibility, if semi-disaster in the present and ultimate race-suicide are to be 
avoided, we will speak anon. Here it suffices that the Collectivist seems to derive 
from biological certainties a complete ethical and sociological answer to the 
Individualist argument for the natural rewards and penalties of merit and 
demerit in the sense of genius or talent and inborn incapacity. 

VI 

We can now pass to division (2), and can very speedily dispose of part of the 
problem of the children. The children of the industrious and thrifty and self- 
denying members of will necessarily possess advantages over the children 
of the converse parents. It would be most unjust that a man who eats all his 
cake to-day should be allowed to claim half of what his thrifty self-denying neigh¬ 
bour has put by for to-morrow, or that the idle should be as well off as the 
industrious; and, therefore, in the course of years the industrious thrifty self- 
denying man must accumulate advantages which his neighbour justly lacks* 
What, however, a man has thus earned and saved is emphatically his own ; and if, 
carrying self-denial still further, he use much of it for the benefit of his children 
rather than of himself, they cannot, without rank injustice, be deprived of such 
necessary and natural advantages* Moreover, it would be sociologically foolish as 

* Authors, and even artists, may or may not starve; and publishers and 
dealers may or may not subsist on trufHes and champagne: but that there is very 
generally some such sort of antithesis between the lots of creators and exploiters 
1$ unhappily too evident. 
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well as ethically unjust so to deprive them, (i) because tlie desire to benefit 
children is often a stronger incentive than the desire to benefit self, and the 
Community as a whole profits by the sum of its units’ industry and thrift; and 
(2) because the children of such parents are likely, both from inheritance and from 
training, to prove in their turn similarly desirable members of the Community. 

As regards the children of men of genius and talent in {i b) no farther 
elaboration seems really necessary : but it may be pointed out that, since children 
of men of genius are over 200 times more likely to be gifted with genius than are 
those of ordinary men, and since the advance of civilisation is entirely contingent 
upon a steady stream of impelling genius, the Community as a whole, from sheer 
self-interest, must wish men of genius to have plenty of children, and such 
children to have every facility for coming to the front. 

All this, however, concerns only the first half of the children question : but the 
second half, the problem of the children begotten by either the wilfully lazy and 
thriftless or by the mentally or morally (or physically) degenerate—this is really 
the crux. 

In so far as such children inherit from degenerate parents a degenerate nature, 
we have already considered them under (i ^)—in the adult stage. Now we 
must consider them in childhood, and must similarly take account of the some¬ 
times average or indifferent, and therefore educable, children of more or less 
degenerate parents, and of the children of merely lazy, or thriftless, or selfish, 
parents. Anyhow, in the very nature of things, they cannot have the natural 
advantages of the desirables’ children: anyhow, Nature—that cruel heartless 
indunoral stepmother, against whom we are powerless—^has treated them with 
typically flagrant injustice: but are we acquiescently to leave the stricken by 
Nature to their fate, or—as a Community—to undo the injustice so far as possible, 
and incidentally to render them as serviceable members of the Community as may 
be instead of letting them remain drags on social progress ? 

To state the question thus, turning onto the sad phenomena the searchlight 
which the study of heredity has put into our hands, is to answer it—subject to an 
all-important proviso to be made anon. No other answer seems really possible 
unless we can disprove such biological certamties as the study of heredity has 
afforded, or unless we frankly wash our hands of a scientific sociology founded on 
biology and psychology and inspired by ethics, and elect to ‘‘ carry on ” in the 
weary old empirical rudderless course. 


VII 

Here, however, the philosophical Individualist sees his chance j and very fully 
commiserating the pitiable lot of such children, and very heartily endorsing our 
indictment against Nature’s cruelty, he yet maintains that the “ Socialists” in their 
ethical and humanitarian zeal will, in the long-run, render things worse even than 
they already are, and that Spencerian laisses faire will really prove ultimately the 
most merciful and least injurious course. The old and very natural and reason¬ 
able objection that the industrious and thrifty man who, with much self-denial, is 
struggling to equip his own children adequately for their course, will be victimised 
with cruel injustice if he be heavily mulcted to assist the—admittedly .luckless- 
children of his lazy thriftless selfish neighbours—this primary objection is very 
largely, if not completely, offset by the modern Collectivist proposals to grade 
income-tax up to at least 75 per cent, on large incomes, to diminish the tax on 
small incomes, and to nationalise various services, and thereby diminish expenses 
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to the consumer. The Individualist, however, has a far stronger argument. He 
reminds us that a Community will truly prosper directly as the percentage of 
gifted and desirable units, and inversely as the percenta^je of wasters and 
degenerates: he and we alike know that even some years ago the percentage of 
the former was falling in this country because the desirables were having smaller 
and smaller families, while the undesirables conversely were incicasing both pio- 
portionately and absolutely : and we all realise that the war has roljbed us of our 
very best, and has cut off—often childless—much of the moral and intellectual 
flower of our race. If, now, the Community Is systematically to foster and 
paternally to provide for all the degenerate and semi-degeneiate, and to see that 
the children of the idle and thriftless be well provided for—even if their wilfully 
worthless parents be left to stew in their own juice—what is befoie us but a 
tremendous national decline through the swamping increase of low types that 
should be encouraged to die out ? Surely in such case we shall soon have neither 
an AI nor a C3 but a Z26 nation ! This is what the Individualist means when he 
—^as true a philanthropist as the Socialist—maintains that the most merciful 
the ultimately least unmerciful—course is to let the degenerate die out, and to let 
Nature gradually extinguish Nature's failures. 

If we had no practical reply to these objections, we should have to admit that, 
in spite of all the foregoing arguments, we are helpless, and that the Community 
cannot take actual and efficient responsibility for the degeneracy bci|ueathed by 
the past without bequeathing in turn a yet still more terrible and fatal legacy to 
the future. The key to the answer was, however, given above when I spoke of 
control. Just as many already realise that rights entail duties, and that 
privileges imply obligations—even Homer's heroes and Milton's friends realised 
this; and that noblesse oblige is proverbial—so we must insist as a fundamental 
sociological axiom that responsibility connotes power. 

This is absolutely vital; and its neglect under any “ Socialistic regime starkly 
suicidal. Power without responsibility means Prussianism and Tsarism: re¬ 
sponsibility without power is hell. If the Community is to shoulder half or three- 
quarters of the burden of sustaining ^ those degenerates who, through no fault of 
their own, are congenitally incompetent to maintain themselves in d(‘cent comfort, 
and is to render the life-pilgrimage of these unfortunates tolerable instead of a 
dreary nightmare ; if it is to assume paternal charge of all the tens or hundreds 
of thousands of children whose parents cannot or will not provide adetjuaiely fo) 
them, and is to guarantee to all su<di children as much education as they ate 
capable of receiving, and a really fair start in life; then in sheer self preservation 
the Community must insist on, and rigidly enforce, its absolute claim to secure 
that no degeneracy or heritable congenital defects shall persi.st beyond the prcbcnt 
generation of degenerates, and that the Community of fifty or seventy years hence 
shall have no incubus of mentally or morally, or even physically, degenerate 
members—none but a few occasional sporadic morbid “sports ” from the normal, 
which it, in turn, may effectually prevent from handing on their hko. Here we 
have the really central problem of “ Socialism "—a problem that, so far as my 
limited knowledge goes, though I write subject to correction, Socialistic propa¬ 
gandists have never squarely faced. 

Yet, unless it be squarely faced, and most efficaciously dealt with, a perma¬ 
nently successful Collectivist Community is inherently impossible, and national 
deterioration increasing with something like geometric progression is inevitable, 
If we agree to be responsible for the degenerates during their individual lives, 

' Not at mere subsistence-level, but at an agreed standard of comfort. 
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and for all the children of the nation who may need help, we must ensure that 
only mentally and morally and physically healthy stocks shall breed and increase, 
and that all tainted stocks shall be extinguished. To have said this a generation 
ago would have been equivalent to demanding either that the degenerate should 
not marry, or that, if they married, they should either systematically practise an 
unnatural abstinence or unfailingly take certain precautions: whereas the 
mentally and morally degenerate are precisely the very people who can be 
confidently relied upon to do nothing of the sort. Now, however, we know that 
permanent sterilisation is perfectly practicable, and that the sterilised are not 
deprived of the capacity for the gratification of mankind's strongest natura 
passion. Individuals who have no degenerate taint, but who, for one reason or 
another, had decided that they ought to beget no more children, have voluntarily 
submitted themselves to a simple operation in order to obviate the necessity of 
repeatedly recurring individual precautions ad hoc\ and what such individuals 
have done voluntarily for their own sakes, the Community must absolutely insist 
that the degenerate shall do compulsorily. We can afford to take no risks what¬ 
ever in this sphere. Anyhow, and even under the existing rdgime, the horde of 
degenerates already involves a great danger and great expense to the Community; 
but the danger and the expense will become fatal if the Community assume full 
responsibility for all its units, but exert no power of preventing the multiplication 
of unfit units. There is no question of caste or class here, but merely of the 
national extirpation of a national menace. Any individual of any class or rank or 
occupation whatsoever, who is afflicted with any form of mental or moral or 
serious physical degeneracy probably heritable by children—no matter whether 
such individual belong to a class of tramps or paupers, to that of unskilled labour 
or of skilled labour, to commerce or the professions, to the peerage or to the 
Royal Family itself, must be sterilised in time, and effectually prevented from 
handing on the taint to a succeeding generation. The appalling history of the 
“Jukes’* family in America is a standard example and warning of the huge 
expense of crime, vice, misery, and actual money, caused to the Community by 
the offspring to a few generations of one fair of degenerate units ; but we have to 
contemplate the multiplication of such expense by thousands or tens of thousands 
if a Collectivist rdgime safeguard degenerate stocks from extinction by the hard 
and painful agency of natural processes, but refuse to ensure their painless 
extinction by sterilisation. Crowded with wrong and injustice and destitution and 
exploitation as is our present social regime, I am open to maintain that it would 
be ulthnately better to carry on in large measure as we are, and to abandon 
entirely for the present—and until an eugenic conscience be developed by the 
majority—any attempt to assume Collective responsibility for the comfort and 
happiness of all the units of the Community, unless we are prepared to assume 
and efficaciously to discharge the correlated responsibility for ensuring the 
Community against the propagation and increase of the unfit. This is a condition 
that should be put in the very forefront of the Labour Party’s program, if this 
Party is to be really the Party of hand-workers md head-workers : and what class 
stands to gain more than that of the hand-workers by the elimination of the 
unfit? 

* * * * * 

I have concluded an inquiry that has run to far greater length than I had 
anticipated. It appears to me that, subject to the proviso for unflinching eugenic 
control, I have turned—a frontal attack seeming impossible—the Spencerian 
biological argument against Socialism,” and have shown that the Collectivist 
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can claim the sanction of science for his regime. The question is, however, or 
such vital and fundamental importance that the argument should be most criliccilly 
scrutinised from every side in order that either it may he admitted as conclusive 
or any lurking fallacy exposed. In two characteristics the Spencerian Indi¬ 
vidualist and the Collectivist of whom I write arc agreed—vir., in the burning 
desire to promote the abiding good of humanity, and in the profound conviction 
that, unless we steer by the pole-star of science, wc shall make utter shipwreck 
of society. If my suggested steering be wrong, let some better navigator correct 
the error. 
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History of the Theory of Humhers: Vol. I, Divisibility and Primality. 
By Leonard Eugene Dickson, Professor of Mathematics in the 
University of Chicago. [Pp. xii + 486.] (Washington : Carnegie Institu¬ 
tion of Washington, 1919.) 

One of the most encouraging developments of the present day is the return 
to an interest in the historical development of mathematics which had ap¬ 
parently disappeared since the appearance of such works as Todhunter and 
Pearson’s History of the Theory of ElasHcity, Recently the revival of this 
interest has been quite definite, at least as regards the history of mathematics in 
general. The present volume is notable in that it gives a connected account 
of the historical development of one special branch of pure mathematics, and that, 
as it happens, the most progressive one at the present day. Mathematicians 
now owe a great debt to the Carnegie Institution of Washington—-a debt which 
we may hope will be extended by the production of similar volumes dealing from 
the historical standpoint with other branches of mathematics which, like the one 
at present before us, are now scattered throughout scientific periodicals in such 
a way that their order of development cannot readily be appreciated by a 
student. 

Any attempt to indicate in detail the contents of the present work would 
hardly be possible here. It is perhaps sufficient to say that it is complete and 
apparently exhaustive and that the grouping together of related investigations 
appears throughout to be the most natural one. The most striking developments 
now taking place are well represented, and in particular comprehensive reference 
is made to some of the more remarkable theorems obtained quite recently by 
Landau, Hardy, Littlewood and Tchebychef. The manner in which the further 
development of the theory of numbers has tended to centre round the properties 
of the Zeta function will be quite clear to the reader. For an account which is 
by its nature largely bibliography the work is very pleasant to read, and it should 
be an indispensable addition to any mathematical library. 

Dorothy Wrinch. 


Matrices and Determinoids. Vol. H. By C. E. Cullis, M.A., Ph.D., Hardinge 
Professor of Higher Mathematics in the University of Calcutta, [Pp, xxiii + 
555.] (Cambridge: at the University Press, 1918. Price 42J. net.) 

In view of the far-reaching advantages in the treatment of determinants derived 
from the use of matrices, it has always been a serious drawback that, in the 
treatment usually presented in treatises on algebra, the older methods have been 
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adhered to so strictly. In the present work, which embodies a course of lectures 
delivered during the tenure of the now well-known Readership in the University 
of Calcutta, the author confines his attention more especially to rectangular 
matrices, and treats them in a manner which exhibits their advantages in a 
comprehensive sense. 

It will be remembered that the first volume was devoted to a <'al( ulus of 
matrices in which the only operations were addition, subtraction, and multiplica¬ 
tion, together with further sections on the properties of the determinoid of a 
matrix, and the solution of matrix equations of the first degree. The present 
work still avoids the special properties of functional matrices, which are to form 
the subject of a third volume, and is, in essence, concerned with the preparation 
of the ground for their consideration. A very large pait of the treatment is of 
a geometrical type, which is a great advjintage in that some very interesting 
geometrical applications, of a kind not easily obtained by other methods, ran 
thereby be included. The definitions, it should be remarked, are not 
geometrical Chapter XII, which begins the work, is devoted mainly to 
definitions and notations, and the following chapter exhibits the relations between 
the elements and the minors of a matrix. The author then considers more 
special properties of square matrices. These sections are, of course, mainly 
introductory, and space does not permit of an account of the more considerable 
parts of the theory developed. 

We are very pleased to notice that the author is expecting to be able to publish 
the third volume at an early date, and so complete the theory in a form suitable 
for the applications. The present volume worthily maintains the traditions of the 
Cambridge University Press, and is a most valuable addition to the rapidly grow¬ 
ing series of volumes for which the Readership at the University of Calcutta is 
responsible. 

Dorothv Wrincu. 


The Analytical Geometry of the Straight Line and the Circle, By John 

MtLNF^ M.A., Senior Mathematical Master, Mackic Academy, Stonehaven. 

[Pp. xii + 243.] (London ; G, Bell 8 c Sons, 1919. Price 5 a\) 

This is the latest volume of “Bell’s Mathematical Series for Schools and 
Colleges,” and fulfils its purpose of being a thorough introdurtion to the formal 
study of analytical geometry, in which the many illusttative examples and suitable 
exercises form a very important feature. After a short historical note and an 
explanation of the idea of co-ordinates, the question of lori is discussed, and then 
the equation of a straight line, the finding of the angle between two sti^aight 
lines, the question of gradients, and perpendiculars to a straight line. Then 
circles and their properties are considered in the case where the origin is the 
centre. After this, pencils of straight lines, the homogeneous equation of the 
second degree, the general equation of a circle, tangents and normals of a circle, 
conjugate points and poles and polars, and orthogonal and coaxial circles are 
treated. 

The historical note is a brief reminder of Ahmes, Thales and a few other 
^cient Greeks, Kepler, Desargues, and "a Frenchman named Descartes.” It 
IS ra^er misleading to slate (p. 2) that “ Descartes was the first to perceive that 
a point could be fixed on a plane by the help of two axes, and that the laws of 
algebra could then be applied to the solution of geometrical problems,” It seems 
.not quite satisfactory to treat geometrical curves as the result of motion under 
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constraint of a point (pp. 8, 19). This way of proceeding seems to take the 
mind of the student away from the fact that the essence of analytical geometry 
is that many co-ordinates of points are connected in pairs by ofie fixed equation. 
Further, it seems rather a debatable point whether the equations of conics should 
be postponed beyond equations of pencils of lines and systems of circles. Finally, 
the old-fashioned way of talking of the equation “to” a curve does not sound 
quite pleasant to modern ears. 

Philip E. B. Joxtrdain. 


ASTBOirOHY 

Planetary Eotation Periods* By F. A. Black, F.R.S.E. [Pp. xiii-i- 115.J 
(Edinburgh and London : Gall & Inglis, 1919. Price 3^. 6 d, net.) 

This small volume bears the sub-heading, “ Two Essays on the Relations between 
the Planets in Diurnal Rotation and in Mass.” The author has discovered 
empirically a relationship between the period of rotation of a planet and the 
planet’s mass and radius, which gives an approximately constant value for the 
various planets of the solar system. It does not appear that the relationship 
has any theoretical importance. Bode’s empirical law is an example of another 
somewhat similar relationship. The contents of the volume could have been 
compressed into some half-dozen pages. Nothing essential is gained, and clarity 
is lost, by incorporating detailed elementary arithmetical computations for testing 
the rule; further, the use of symbols and a simple fonnula would have avoided 
pages of rules, in which unnecessary distinction is drawn between the larger and 
the smaller planet. We do not doubt but that the majority of readers will find 
the book too tedious to wade through it to the end. 

H. S J. 


PHTSXCS 

Notes, Problems, and Laboratory Exercises iu Kechanics, Sound, Light, 
Thermo-Mechanics, and Hydraulics. By Halsey Dunwooly, Acting 
Professor of Natural and Experimental Philosophy at the U.S. Military 
Academy, [Pp. vi + 369, with 241 figures in the text,] (New York: John 
Wiley & Sons; London; Chapman 6 c Hall, 1917. Price 6 d, net.) 

This book would appear to have been compiled rather hurriedly, in order to cope 
with an inrush of students at the United States Military Academy at the outbreak 
of war. The compiler states that it is intended *^as a reference-book for use with 
any text on the general subject.” No doubt he found it convenient for his special 
purpose to have such a collection bound up in a single volume, but that hardly 
justifies its export to this country. The first portion of the book consists of a set 
of notes on Mechanics, printed by pemussion of Prof. Cross, of the Massachusetts 
Institute of Technology. These notes are quite satisfectory as a summary of the 
contents of a textbook of intermediate character, making use of the notation of 
the calculus. Next comes a short section dealing in quite ordinary fashion with 
Graphical Statics; it would appear to be the only part of the book written by 
' Prof. Dunwoody himself. The third section consists of some 900 problems taken 
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from the stock collections used in various Technical Institutions in the United 
States. About 600 of these exercises deal with various branches of Mechanics, the 
remainder with Heat, Light, Sound, and General Physics. They arc of all degrees 
of difficulty, and are arranged under the names of the Institutes from which they 
are borrowed, and not (primarily) under subject headings. The next section is a 
reprint from Gordon’s Mechanics of the mathematical development of that subject 
on an energy basis, and finally there is a collection of sixteen laboratory exercises;. 
Thirteen deal with Elementary Mechanics, and arc based on the course devised 
by Prof. Duff for use at Worcester Polytechnic Institute, while the remainder 
are “ original ” (?) experiments in Sound and Optics, based on work done at 
Cornell University. 

From this catalogue of contents it will be seen that Prof. Dimwoody’s book 
contains a hotchpotch which is unlikely to obtain a favourable reception at the 
hands of the English reader. 

D. O. W. 


CHEMXSTBY 

Outliiies of Theoretical Chemistry* By Frjbdkrick H. Grtman, Ph.l),, 
fonnerly Associate Professor of Chemistry in Bryn Mawr College. Second 
Edition, revised and enlarged. [Pp. xvii + 539.] (London; Chapman and 
Hall, Ltd., 1918. Price idf. 6 i(/. net.) 

The great difficulty that confronts one, on attempting to summarise the funda¬ 
mental laws of chemistry, lies in the fact that many of the more important facts 
of chemistry are incapable of being described in a few words—for instance, the 
orientation of substituents in the benasene nucleus, the colours, odours, and 
physiological action of substances, or the real underlying reasons for the differences 
in the dissociation constants of acids, none of which are at present susceptible of 
mathematical treatment, so that authors who deal with the subject are of necessity 
forced to confine themselves to those laws which can be expressed more or less 
accurately in mathematical form, for which reason it wouUi often he more accurate 
to describe works, such as that under review, as textbooks or outlines of Theoretical 
Pkysicai Chemistry. 

Subject to this reservation, however, we can heartily commcn<l Prof. Getman’s 
work to those teachers seeking for a short and .succinct lurount of the basit'. 
physico-chemical laws with which we arc at present a(*quaiiUed. Prof, Cietman 
has taken the opportunity offered by the issue of a second edition of his book to 
bring it up to date, the chief points of difference from the earlier edition conhistiug 
in the introduction of chapters on radio-activity and the modern conception of the 
atom, the substitution of/a chapter on X-rays and crystal structure in place of 
the chapter on crystallography, the rewriting of the chapter on colloids, the 
insertion of a short sketch of Perrin’s remarkable researches on the Brownian 
movement ^d its bearing on molecular reality, the enlargement of the chapter on 
Electromotive Force, and the addition of a new chapter on Photochemistry. 

The work is well and concisely written, and clearly illustrated with numerous 
diagrams, and the student who has read and understood the book need have no 
fears of examinations, and can remain assured that he possesses a very real and 
accurate knowledge the fundamental physico-chemical laws* 


F. A. M. 
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The Chemistry and Manufacture of Hydrogen. By P. Litherland Teed, 
A.R.S.M., Major R.A.F. [Pp. vii + 152, with 22 figures b the 

text.] (London : Edward Arnold, 1919. Price los, 6 d. net.) 

The unique circumstances of the last four years have stimulated the industrial 
utilisation of many chemical products which were formerly regarded as merely 
of theoretical dr academic interest, and which, a few years ago, were practically 
unknown in technological practice. Few of these substances have proved of 
such value as hydrogen, and probably in no case has the number of applications 
to industrial processes been greater. The demand for solid fats has been largely 
met by the production of “unsaturated” oils and fats by means of Sabatier’s 
method of hydrogenation by the aid of catalysts; the Haber process for the 
synthesis of ammonia from its elements has been utilised in Germany to overcome 
the shortage of nitrogen compounds required for explosives and fertilisers, while 
gaseous hydrogen has been largely employed for balloons and airships. Con¬ 
sequently there have been numerous developments in the methods of manufacture 
of the gas, and a fairly voluminous literature is now to be found in the various 
technical journals. As this information is very much scattered, and the subject 
has hitherto received scant treatment in books on chemical technology, the 
author, in the monograph under review, has endeavoured to provide a remedy 
by presenting a useful and very readable summary of the present state of know¬ 
ledge of the subject. 

The earlier parts of the book are occupied by chapters dealing with the 
natural occurrence and chemistry of hydrogen. So far as the former is concerned, 
it may be pointed out that some of the data given are not altogether reliable 
owing to the lack of good methods of determining the amount of the gas in 
rocks and meteorites. Since in most cases complete evolution of the gas is only 
obtained by heating the solid to high temperatures, and the water, which is almost 
invariably present, reacts with iron compounds, the percentage of hydrogen 
found by such analysis does not represent the amount originally present as gas. 
The chapter on the chemistry of hydrogen, apparently inserted for the sake 
of completeness, is too short to be of much practical value, and might well have 
been omitted, as the information contained therein can be obtained from textbooks 
of general chemistry. Data for certain of the physical constants of the gas are 
given in an appendix. 

The remainder of the book is occupied by an interesting account of the 
“large scale” methods for the production of the gas. The descriptions of the 
various processes are well illustrated, and, though concise, are sufficiently de¬ 
tailed to form a valuable source of information. The methods of manufacture 
are divided into three groups, chemical, chcmico-physical, and physical, according 
to the nature of the principles on which they are based. Since the first of 
these includes the Silicol, Iron Contact and Badische Catalytic processes, the 
greatest amount of space is devoted to it. The Linde-Frank-Caro process is 
the only one of importance in the second group, while physical methods are only 
used where the required output is relatively small, or where the gas can be 
obtained as a by-product. 

Although the references to the patent and other literature are fairly full, they 
might have been given in a more systematic form; for example, the page 
numbers and dates are omitted in many cases. A few misprints occur, particu¬ 
larly in proper names, as, for instance, “ Crooks ” for “ Crookes,” and “ Fouque ” 
for “ Fouqud ” on page 7, “ Moisson ” for “ Moissan ” on page 19, and “ Jacquerod ” 
for “ Jaquerod” on page 145. On page 17 the melting-point of copper is crrone- 
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ously given as 1087* C., while on page 75 the “ Dellwick-Pleischer'^ gas producer 
is described under the heading “ English Method.” 

A. Scott. 

Fats and Fatty Degeneration: a Fhysico-Cliemical Study of Emulsions and 
the Eformal and Abnormal Distribution of Fat in Protoplasm. By 
Dr. Martin H. Fischer and Dr. Marian O. Hooker. [Pp. ix + 155, 
with illustrations.] (New York: John Wiley Sc Sons ; London : Chapman 
& Hall, Ltd., 1917. Price 9.y. 6^jf. net.) 

The title of this book suggests a treatise on pathology, but, as indicated by the 
subtitle, it contains a critical study of the conditions favouring the production and 
breaking of emulsions and the application of these conditions to the explanation 
of the pathological changes observed in fatty degeneration. A large amount of 
experimental evidence from artificial emulsion is brought forward in support 
of the argument that fatty degeneration is in reality a physical and not a chemjcal 
problem. Thus, for example, the “cloudy swelling” of the pathologists, which is 
the precursor of fatty degeneration, is explained as the distension resulting from 
the increased hydration of a lyophilic colloid, while the softening accompanying 
fatty degeneration is regarded as resulting from the reduction in viscosity 
following from the breaking of a stiff emulsion. Some of the conclusions arrived 
at experimentally are applied to explaining the natural formation of milk and also 
to the production of stable artificial emulsions and milk substitutes. Two sections 
are devoted to the mimici7 of mucoid secretion and anatomical structures 
respeaively. In the latter section several very striking artifacts are described on 
the lines of Biitschli, Leduc, and others. 

In writing this monograph the authors have followed a plan adopted on a 
previous occasion — namely, of opening with an introductory chapter or 
Argument”; it is explained that this contains an abstract of the entire volume, 
designed for those “who have not time to read the whole book”; this latter 
phrase may possibly apply to the American reading public, but we doubt whether 
any serious reader in this country who has perused this chapter will be able to 
resist the temptation of reading the whole book. We commend the writing of 
such a summary, but not from the point of view of a time-saver, but rather as a 
means of whetting the appetite. The whole subject is presented in a most 
attractive manner, and the book will bear reading more than dnee, especially as it 
is not of very large compass. We have only one fault to find; many of the 
photographic illustrations of glass vessels containing artificial emulsions appear to 
have been taken with complete disregard for colour contrast, and it looks as 
though much better results might have been obtained with the use of ortho- 
chromatic plates s but this is, after all, only a minor defect in an othcrwi.se most 
interesting and instructive volume, which should be widely read by all who are 
in any way interested in the subject of colloids. 

P. H. 

The Physical Chemistry of the Proteirm. By T. Brailsford Robertson, 
Ph.D., D.Sc., Professor of Biochemistry and Pharmacology in the Univer¬ 
sity of California. [Pp. xv Hh 483.] (New York: Longmans, Green & Co,, 
1918. Price 2 Ss, net.) 

The key to this book is given in the quotation which the author makes from Sir 
J. J. Thomson's CoHmmlnfr TAe^ry o^MatUr: 
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“From the point of view of the physicist, a theory of matter is a policy 
rather than a creed; its object is to connect or co-ordinate apparently diverse 
phenomena, and above all to suggest, stimulate, and direct experiment. It ought 
to furnish a compass which, if followed, will lead the observer farther and farther 
into previously unexplored regions. Whether these regions will be barren or 
fertile, experience alone will decide ; but, at any rate, one who is guided in this 
way will travel onward in a definite direction, and will not wander aimlessly to 
and fro.” 

Prof. Brailsford Robertson has written a book in which the guiding theory or 
“policy” is the applicability of the laws of homogeneous solutions (the law of mass 
action, and the theory of electrolytic dissociation), to the chemical and physical 
behaviour of that wide and complex group of substances known as the proteins. 
It is a remarkable attempt at relatively simple generalisation of complex, and 
indeed apparently conflicting, facts and observations. There is probably no 
subject which has furnished a greater number of difficulties from the theoretical 
point of view. Whether Prof. Robertson has unduly simplified the basis of the 
theoretical treatment has yet to be seen. What he most certainly has done is to 
bring order out of chaos and regularity out of confusion. That, indeed, is the 
great and outstanding merit of the treatment which the subject has received at 
his hands. 

Briefly, Prof. Robertson’s thesis is that the proteins are essentially electrolytes, 
and behave like other electrolytes, due regard being paid to the kind of ionisation 
of which the protein molecule is capable. The fundamental concept has to do 
with the grouping - N. HO. C — in the protein molecule. The kind of change 
which, on Robertson’s view, takes place may be illustrated by the action of an 
alkali and an acid respectively, viz,: 

H 

- N.HO .C - + NaOH « - N" + 

OH 

H 

and -N.HO.C- + HCl = ^ N" -i- 

C1 


Na.OC - 
++ 

HO.C- 


That is, in both cases two divalent complex ions are produced by the rupture of an 
internal - NHOC - group. (Robertson points out that the end amino and 
carboxyl groups cannot possibly account for the whole physicochemical behaviour 
of the proteins.) 

Starting from this simple concept, we are led to a striking, and indeed con- 
vincing, explanation of such problems as the electrochemical behaviour of the 
proteins in general, the electrochemical equivalent, combining weight as distinct 
from molecular weight, the magnitude of the velocity of the protein ions in a field 
of force, the type of union of salts with proteins, the fact that the compounds 
of the proteins with an acid or a base are good electrolytes, but do not give the 
reaction of, say, chlorine ion or sodium ion, the fact that casein, for example, will 
displace carbonic acid from its union with calcium hydroxide, the osmotic pressure 
of protein-base compounds, the absence of hydrolytic dissociation of protein salts, 
and other characteiistics of these substances. 

A rough idea of the scope of the work is given by an enumeration of the 
chapter headings: the chemical constitution of the proteins, the preparation of pure 
proteins, quantitative estimation of the proteins, the compounds of the proteins 
(four chapters), the formation and dissociation of protein salts, the combining 
capacity of the proteins, the electrical conductivity of solutions of protein salts, the 
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electrochemistry of coagulation, phenomena accompanying changes in the stale 
of proteins, physical properties of protein solutions, hydrolysis of polypeptides and 
of proteins, enzymatic synthesis of proteins. As an appendix there is a useful 
account of the technique of electromotive force measurements. Throughout the 
book a concentration ccU is, following the physiologists, called a ( oncentration 
chain, which jars somewhat on the mere physical chemist. There is a misprint 
onp. 159 and another on p. 367. IJut these are tiivial things. The book is a 
great one, most stimulating, carrying the reader on. The material is put in such 
a way as to suggest numerous subjects of research. Without necessarily accepting 
every one of Prof, Robertson’s conclusions, the reader will hardly fail to see that 
the book stands out as one of the most valuable contributions to applied physical 
chemistry which has as yet been made. 

W. C. McC, Lkwis. 


The Metals of the Rare Earths* By J. F. S3 >knckr, B.Sc., D.Sc., Ph.O., F, l.c. 
Monographs of Inorganic and Physical Chemistry. [Pp. x + 379, with 
diagrams.] (London; Longmans Creen & Co, 1919, Price tzs, 6 d, net.) 

Although a certain small number of foreign works have been written which deal 
with the preparation and properties of the Rare Earth metals and their salts, there 
does not hitherto appear to have been any treatise in the English language on this 
important section of chemistry. 

We are therefore much indebted to Dr. Spencer for his labour and enthusiasm 
in making available to British chemists the latest work on the subject. 

The chapters deal with such matters as the discovery and occurrence of the 
rare earths in nature, their fractionation and separation, the special properties of 
the salts and other compounds of the various earths, and the methods adopted for 
determining their atomic weights, and an inlcrcstiug section on the practical uses 
of this group of substances. 

A special section is allotted to the consideration of the knotty problem of the 
position of the rare earths in the periodic system, though one seeks in vain for any 
mention of Soddy’s theory of isotopes, which would seem to be very directly 
connected with the whole question. 

A comprehensive set of indexes is provided, and the fact that the references 
run into well over 1,000 is an indication of the amount of trouble that luis been 
taken to make the volume really complete. The book should prove of great value 
to all those interested in the study of the rare earths. 

F. A. M. 


OSOXiOOT 

Military ^ology and Topography. A Presentation, of Certain Phases of 
fieology, Geopaphy, and Topography for Military Purposes, H. E. 
Gregory, Editor. Prepared and issued under the auspices of the Division 
of Geology and Geography, National Research Council, U.S.A. [Pp. 

281, with 117 figures.] (New Haven! Yale University Press, 1918* 
Price $1.25.) 

IK large measure the Great War has been a contest of brains, and has required 
the application of all relevant scientific knowledge for the solution of its problems. 
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In addition to others, geological science made a significant contribution to this 
end. Although the next war may be fought principally in the air, the main clash 
of arms m this one look place on the ground, and the geological nature and 
topographic form of the terrain inevitably assumed importance in the conflict. 
Knowledge of earth-science was needed for drainage and tunnelling operations ; 
also for the finding and investigation of various raw materials, the demand for 
which was stimulated by the war. Recognition of these facts by the United 
StatesfNational Research Council led to the production of this textbook. The 
Germans early recognised the importance of geology in warfare, as shown by 
the appointment of numerous geologists to their armies for special technical 
duties, and by the appearance of many articles on “ Kriegsgeologie ” in their 
geological journals. The British and French armies followed suit later with the 
appointment of geologists charged with special duties, but apparently not to 
the same extent as the Germans. 

The book under review is stated to be a preliminary effort with a view to 
a more complete volume later on; and it shows signs of the haste with which 
it has been produced in numerous small errors and misprints. Naturally a 
compilation of this sort tends to produce rather arid reading. 

The book contains eight chapters, with the following headings; Rocks and 
other Earth Materials; Rock Weathering; Streams; Lakes and Swamps; 
Water Supply; Land Forms; Map Reading and Map Interpretation; Economic 
Relations and Military Uses of Minerals^—a list which gives an idea of the scope 
of the work. The military applications of each topic are carefully pointed out. 
These include engineering considerations relating to rocks (i.e. selection of road 
metals, excavations, etc.), drainage, pollution of soil, water supply, influence of 
topographic features on warfare, the military uses of maps, and the geology 
of raw materials necessary to warfare. The concentration of the book on this 
military end has led to a certain bareness of statement, such as (p. i6) “Coal 
beds are old buried peat beds,’^ but dogmatism is perhaps unavoidable in books 
of this kind. 

A special word of praise must be given to the illustrations, which consist of 
well-selected and beautifully reproduced plates, along with special sketches by 
F. Morris and A. K. Lobeck. The latter are in general excellent and most 
illustrative; but Fig. ii6 (p. 247), alleged to show drumlins and associated 
swamps, is very slight and uninforming. 

On the whole the book is a characteristically American production in the 
thoroughness and elaboration with which the subject is presented. We believe 
that military curricula would be strengthened by the study of this book, or by‘ 
another on the same lines, but more adapted to British military requirements. 
Finally, we may note the excellent get-up of the book, its clear printing and 
good paper (as far as war paper goes), combined with a remarkably small price. 

G. W. T. 


The Analysis of lEinerals and Ores of the Barer Elements. By W. R. 
SCHOELLER, Ph.D., and A. R. Powell. [Pp. x + 237.] (London: C. 
Griffin & Co,, 1919. Price 16s, net.) 

Although the extended use of many of the rarer elements and their compounds 
in industrial processes has resulted in the publication of several treatises on the 
chemistry of such substances, no systematic account of the analytical methods 
used in the examination of their ores has hitherto appeared in English. In the 
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book under review the authors have endeavoured to fill this gap in the literature 
by dealing systematically not only with the methods of determination of the forty 
less common elements but also with the methods of separation of such groups of 
these as are likely to occur in the various ore-minerals. After a preliminary 
chapter on mineral-analysis,, the elements are considered, in the order of the 
periodic table, under the following heads; minerals, properties and compounds, 
quantitative separation, methods of determination, detection and determination in 
ores, and complete analysis of ores. 

The weakest part of the book is the section on mineralogical analysis, despite 
the fact that the authors emphasize the necessity of a knowledge of mineralogy. 
The use of heavy liquids, for separation according to specific gravity, and of 
magnetic separation, together with the application of these in quantitative work, 
might have been treated in much greater detail. In this section, as well as in 
the one on radio-active minerals, illustrations of the various types of apparatus 
would have been useful. No mention is made of microscopical examination, 
which often affords considerable information in the investigation of “ alluvials,” 
and is generally a useful prelude to a chemical analysis. Although lists, showing 
the minerals in which each element occurs, are given, the information is too scanty 
to be of much use, since the formulm given for the minerals are reduced to very 
simple tcrms,iand there is little indication, either by text or typical analyses, of the 
nature and proportions of the elements to be expected. 

The purely chemical parts of the book, however, are admirable, and should 
prove very valuable to all chemists engaged in the examination of such materials. 
In general several methods of determination are given for each element, together 
with methods of separating the latter from those others likely to occur with it, as 
well as elaborate and detailed schemes, often in tabular form, for the complete 
analysis of the various types of minerals. The two latter should be particularly 
useful, as several of the processes are new, while others are taken from journals 
not always available in scientific libraries. Numerous references to the literature 
are given, and the usual tables of **factors” appended. The letterpress is 
excellent, and misprints are few and unimportant, the chief occurring on pages 48, 
62, and 94. 

A. Scott. 


BOTJUrr AZTB AGBXCnXiTUBS 

Science and Frtdt Growing. By the Duke of Bedford, K.G., F.R.S., and 
Spencer Pickering, M.A., F,R.S. [Pp. xxii + 351, with 47 figures 
and 4 plates.] (London: Macmillan & Co., Ltd., 1919. Price I 2 s\ 6ii, net.) 

The Woburn Experimental Fruit Farm, which was established in 1894, has, 
under the direction of the authors, attained a more than national reputation. 
Situated on the Oxford clay with an extent of not more than twenty acres, the 
achievements have been considerable and form another monument to the debt 
which the community owes to private enterprise. The writers have, in this, 
continued the tradition established by their ancestors, Francis Duke of Bedford 
and Lord Leicester, and in the pages before us present the results of a quarter 
of a century of patient research. It is always refreshing to study unorthodox 
views, but when those views are the outcome of carefully controlled experimenta¬ 
tion the conclusion is inevitable that the orthodoxy, far from being a real outcome 
of practical experience, is in fact the cumulative effect of mere tradition that has 
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degenerated to something akin to superstition. One of the most striking features 
of the results at the Woburn Fruit Farm is the refutation they provide of 
many of the cherished doctrines of the professional and amateur pomologist. 

The prolonged life of most fruit trees, and the lapse of time before they cbme 
into bearing, render them much less amenable to experimental treatment than 
annual crops with which results are obtained in a single season. For this 
reason it was not until recent years that in this country or abroad any serious 
attempts were made to provide scientific justification for the common practices 
of the fruit-grower. It was in pursuance of this aim that demonstration plots 
were inaugurated at Woburn to show the deleterious effects of so-called “ bad ” 
planting; plots which in the outcome exhibited better growth and gave a better 
yield than the “controls.” 

Repetition merely confirmed these results and led to the recognition that 
not only were many of the niceties of “ good ” planting a work of supererogation, 
but that the beneficial effect of “bad” planting was mainly due to the 
“reprehensible” practice of tightly ramming down the earth immediately around 
the transplanted tree. 

Similarly we learn that pruning tends to diminish both vigour and yield, 
though mechanical considerations may render pruning essential. Or again, 
bastard trenching, so much favoured by fruit-farmers, appears to be attended 
with a very dubious benefit to trees, whilst it is positively harmful to bush fruit. 

The results obtained in experiments on the infiuence of crop on crop and on 
insecticides and fungicides, if somewhat less sensational, are often at variance 
with common practice. 

It would be impossible, even briefly, to summarise the many aspects of fruit¬ 
growing dealt with in these pages. Most of the conclusions are already familiar 
from having appeared in the Woburn R^orts or the various periodicals, but the 
authors have wisely brought these together into what is not only a convenient 
form but also an extremely fascinating narrative. In future editions the chapter 
devoted to an elementary account of the structure and functions of plants should 
be carefully revised. Such statements as that “ cortical cells contain granules 
of green colouring matter, called chlorophyll,” or that the so-called cuticular 
transpiration ceases with the formation of the cuticle, are eiTors which could be 
avoided without materially lengthening the description. 

With respect to the text as a whole, whatever criticisms may be levelled at 
the experiments or their interpretation the onus undoubtedly rests on those who 
uphold time-honoured practices to demonstrate by experiments, on properly con¬ 
trolled lines, that conditions do exist under which those practices are beneficial. 

It is with the greatest confidence that we can commend this volume to those 
interested in fruit-growing either in its theoretical or practical aspects. For the 
latter especially, its pages will repay the most careful perusal. 

E. J, Salisbury. 


The Living Cycads. By Prof. C. J. Chamberlain. [Pp, xiv + 172, with 91 
figures m the text,] (Chicago: University of Chicago Press. Price 
$1.50 net) 

There are probably few groups of plants thatvean vie with that of the Cycads 
in their appeal to the imagination either of the biologist or the general reader, 
l^eculiar in their distribution, embracing some of the world's rarest species, and 
with a geological record that can be traced back to the Palaeozoic Pteridosperms 
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the Cycads stand as a mere remnant of their former glory, endowed with a 
romance analogous to that which attaches to the concrete remnants of departed 
civilisations. 

Prof. Chamberlain here presents us, not with a textbook, but with a popular 
account of these fascinating plants, in which he treats of their haunts, their life- 
history, and the theoretical problems they present. The author can write with 
more than usual authority on the subject, as having visited Central America, 
South Africa, and Australia, where he has studied all the living genera in their 
natural homes. A number of the photographs taken on these travels are here 
reproduced, representing the entire range of Cycadean habit. 

In segregating the subject-matter into three parts, and relegating to the end 
all questions relating to evolution and phylogeny, we venture to think the author 
has lost something of the beauty of his theme and an unrivalled opportunity for 
illustrating in one group several fundamental biological principles. The first 
section is concerned with the occurrence of the nine genera in relation to their 
geographical distribution. Apart from the wide area involved, the location of 
the actual habitats presented some diflSculty, and the author relates how the 
Mexican Ceratozamia was located through a specimen in the Park at Vera Cruz, 
near which police were stationed to question the natives until its source of origin 
was discovered. After a fortnight this inquisition was successful, and the observant 
native subsequently acted as Prof. Chamberlain's guide. 

The second part of the book constitutes a summary of the more important 
features of the vegetative and reproductive structures, described with a minimum 
of terminology and considerable lucidity. 

We shall look forward to the extended and more technical consideration of 
this group upon which the author is now engaged; but in the meantime, as a 
popular account of a too little known family of plants, the present volume has 
much to recommend it. 

E. J. S, 


A Dictionary of the Flowering Plants and Ferns. By J. C. Wiltjs, M A, 
Sc.D., F.R.S. [Pp. Ixvii + 712, With41 dgures.j 4lh Edition. (Cambridge 
University Press, 1919, Price 20^. net) 

Since the first appearance of this work in 1897 it has passed through four editions, 
and now occupies nearly eight hundred pages of text. Originally published in two 
parts, the contents of these have been incorporated, in the present edition, into one 
dictionary, to which is appended a short supplement and keys to the Phanero¬ 
gamic Families, based on Engler's Classification, and on that of Bentham and 
Hooker. 

The genera omitted in previous editions are now included, so that all those 
recognised by Linnaeus, Bentham and Hooker, Engler and Prantl, as well as those 
cited in the Index Kewensis and its supplements, find their place in the text. 
In each case the author is indicated, the family to which the genus belongs, the 
number of species it embraces, and the general character of the distribution. 
Some of the more important synonymy is given, as well as familiar vernacular 
names. 

By a happy use of copious cross-references, and numerous abbreviations and 
signs, a great amount of information is imparted with a minimum expenditure of 
space. The chief morphological and anatomical characteristics of important 
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genera and families aie indicated, whilst considerable prominence is given to 
economic uses. 

The volume, though forming an invaluable, and, indeed, almost indispensable 
work of reference for the student and teacher, possesses the inestimable attribute 
of convenience. 

It is especially true of a work of this character that perfection can never be 
attained, since, even whilst passing through the press, genera are merged and 
segregated, new facts are brought to light. It is with a full appreciation of these 
difficulties that we would call attention to one or two passages where revision is 
desirable. On page 581 we read that the genus Salicomia is “ leafless,” a state¬ 
ment that is not justified even as a ‘‘ popular ” presentation of the peculiar fusion 
between stem and leaves that here obtains. Again, in describing the Ranun- 
culaceae the impression is given that extrorse dehiscence of the stamens 
characterises the group as a whole, whereas, actually, as pointed out long ago 
by Baillon, there is in this family almost every gradation between the completely 
extrorse condition exemplified by Ranunculus and the completely introrse of 
Erantkis or Pcsonta, 

The statement (p. 544) that the prothallus of Psiloium “ has not been seen ” 
was perhaps correct when the MS. went to press, though it is now over two years 
since Lawson’s description was published. 

In the article on nomenclature there seems to be an implication that the 
difference between a form and a sub-variety or variety is one of degree and not of 
kind, but this appellation should, of course, be restricted to states known or 
presumed to be due to habitat conditions. 

But the existence of errors is almost inevitable in a work of this character, and 
it is far easier to criticise than to do adequate justice to its many merits. 

The work is one that should be in the hands of every student, for it belongs to 
the small class of the well-nigh indispensable. 

E. J. S. 


Vegetable fl-rowing. By J. G. Boyle, B.S., M.S. [Pp. ix + 334» with 154 
figures.] (Philadelphia and New York ; Lea and Febiger, 1917.) 

The professed aim of this addition to the numerous works on the culture of 
vegetables is to show “ the connection between principles and practice.” There 
are certainly few occupations where empiricism is more rife, or where the prac¬ 
tical man is so often at a loss to explain his success. 

The apparently irreconcilable experiences of acknowledged experts often 
testifies to a high standard of technique divorced from a corresponding theoretical 
knowledge. 

It is particularly with respect to the character of the soil and the use of fertilisers 
that ignorance of fundamental principles appears most widespread. Unfoitunately, 
in the work before us it is these very subjects which receive but scanty treatment. 
Artificial manures are dealt with in less than two pages, and the soil, as such, is 
disposed of in a few paragraphs. The. chapter entitled Insect and Disease 
Control ” occupies seventeen pages, but attempts in this limited space to cover 
the subjects of animal and plant parasites, and the whole question of sprays and 
their utilisation. 

The earlier part of the text is mainly concerned with cultural methods, whilst 
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the bulk is occupied by a consideration of the individual types of vegetables and 
their particular needs. 

Those little details which are so helpful to the amateur, and for which even 
the professional may sometimes consult a text-book, are apt to be omitted. For 
example, tomato culture, which is treated of at length, contains no directions as 
to the pinching out of buds, or the desirability, under certain conditions, of 
reducing the foliage, 

A good deal of information is contained between the two covers, but there is 
an absence of that thoroughness of treatment which is so essential if practice is to 
be based on a sound knowledge of principles. 

E. J. S. 


Strawberry Growing. By S. W. Fletcher, Professor of Horticulture at the 
Pennsylvania State College. Rural Science Series. [Pp, xxii 4- 325.] 
(New York: The Macmillan Company, 1917. Price $1.75 net.) 

This book is a review of the present position of the strawberry industry and a 
thorough practical guide to strawberry cultivation as it is practised in North 
America. The first chapters deal with questions of cultivation, such as planting, 
rotation, tillage, training, mulching, pollination, etc. Then follow chapters on 
picking and packing, markets, and cost of production, and finally a discussion 
of certain cultural questions: propagation, varieties, forcing, and other special 
methods of culture, and diseases. Statistics confined to North America form the 
subject of an appendix. 

The treatment throughout is thorough, and, with the author’s companion 
on TJie Strawberry in North Anierica^ reviewed in the previous number of 
Science Progress, the whole field of the strawberry industry is covered. The 
handling of the soil, the plant and the pickers are all equally well dealt with. It 
becomes clear from these volumes that the strawberry industry in America differs 
in many particulars from the industry in Britain, This can undoubtedly be traced 
back very largely to the greater amount of land available for cultivation in 
America, with the greater distances between consuming populations, and on 
the whole less intense cultivation. Some differences can scarcely be explained 
on this ground, as, for instance, the fact that in England only heimaphrodite 
varieties of strawberries are employed, while in North America unisexual female 
plants are also used. The latter varieties appear, however, to be gradually dis¬ 
appearing. 

In the matter of pollination the author states, on the authority of Ewert, that 
** parthenogenesis, or the production of fruit without fertilisation, is common in the 
strawberry.” It is not clear, however, from this statement, whether it is really 
parthenogenesis or the much commoner phenomenon parthenocarpy, which is 
meant. The observation that *Mt cannot be denied that, occasionally, the 
character of the fruit may be influenced very slightly by the kind of pollen 
used,® is of great importance from a purely scientific point of view, and deserves 
further investigation, even if instances are rare. , 

Although the book only aims at describing commercial strawberry practice in 
North America, it will be read with the highest interest by those in this country 
who are interested in the strawberry. 


W. S. 
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The Sugar-beet iu America. By F. S. Harris, Ph.D., Director and Agronomist, 
Utah Agricultural Experiment Station, and Professor of Agronomy, Utah 
Agricultural College. Rural Science Series. [Pp. xviii + 342.] (New 
York: The Macmillan Company, 1919. Price $2.25 net.) 

The annual consumption of sugar throughout the world has increased within the 
last century from about a million tons to twenty times this quantity, Of this 
amount somewhat less than half is obtained from the sugar-beet, so that the sugar- 
beet industry is one of considerable importance in regard to food supply, and this 
account of it by Prof. Harris will be read with much interest. 

The beet-sugar industry consists of three distinct parts: the production of beet 
seed, beet-growing, and sugar-making. The present volume is chiefly devoted to 
sugar-beet growing, and a full practical account is given of the agricultural 
practice of beet raising in North America in all its aspects. Special attention 
should be directed to the very interesting chapter on the production of beet-seed. 
There is also a short chapter on sugar-making in which the principles of this part 
of the beet-sugar industry are set out, and another on sugar-cane. The principles 
underlying sugar-beet growing differ in many important details from those 
underlying the raising of most other crops: thus, for instance, in the matter of 
seed in the case of a cereal all the crop raised from it can be used whether the 
yield is high or low ; but in the case of beet a low yield of sugar in the root may 
mean that it is impossible to extract the sugar at a profit, and the crop is valueless 
for the purpose for which it was raised. It is shown how these special con¬ 
siderations which apply to beet raising necessitate particularly good farming, and 
so the general level of agricultural practice is raised. For this and other reasons, 
such as the stability it gives to agriculture, its educational value, and the greater 
degree of national independence it ensures, the author is enthusiastic over the 
value of the sugar-beet industry for the welfare of the community. 

On page 23 the author gives the native habitat of maritima as the 
Mediterranean. As a matter of fact, this plant is not only common on the English 
coasts but extends as far north as the Baltic. This is an inexactitude which 
occurs elsewhere in American writings. In Appendix A there is given a biblio¬ 
graphy containing a list of some 350 papers relating to the sugar-beet. This is, 
of course, a valuable collection of references, but it is regrettable that they should 
all be American, as the greatest amount of work on the sugar-beet has been done 
in Europe, and most of this will have some bearing on sugar-beets independently 
of where they are grown. Although a few expressions, such as Considerable of 
the remainder came from Russia through Siberia,” may not sound very happy to 
the English ear, the book is brightly written, and maintains the standard of the 
series to which it belongs. 

W. S. 


The Carbohydrate Economy of Cacti. By Herman Augustus Spoehr. 
[Pp. 79*] (Washington; Carnegie Institution of Washington, 1919.) 

The experimental attack on the problems of carbon assimilation has been 
made in several well-defined and rather distinct ways. There is, for example, 
the purely chemical method of Willstatter directed to an understanding of 
the chemistry of the leaf pigments, the rather physico-chemical method of 
F. F. Blackman, which aims at investigating quantitatively the influence of the 
diflerent factors necessary for carbon assimilation, and there is the chemical 



512 SCIENCE PROGRESS 

examination of the products of assimilation. The work under review falls in the 
third of the three categories mentioned. In his preface the author states that 
before a rational discussion of the manner in which sugars are formed in the 
green leaf is possible a clearer understanding of the conditions governing the 
equilibria and mutual transformations of the carbohydrates of the leaf is necessary. 
To this end he has attempted to determine the carbohydrates of cacti and 
to examine the transformations these carbohydrates undergo under various 
conditions. 

In the first chapter there is a very stimulating discussion on the transformations 
that sugars undergo in 'vitro under various conditions, and the bearing of the facts 
examined on the problems in the plant. The author then proceeds to describe 
his experimental methods. These have evidently been worked out with great 
care, and, when one remembers the difficulties always associated with the 
determination of a number of substances of similar properties in presence of cne 
another, one must congratulate the author on the measure of success that has 
attended his efforts. 

The application of these methods has shown the presence in cacti of pentoses, 
monosaccharide hexoses, disaccharides, pentosans, and polysaccharide hexoses* 
The various quantities of these substances were determined in cacti at different 
seasons and under different experimental conditions; a further analysis of the 
carbohydrates was not attempted. The general conclusions drawn arc that low 
water content and high temperature are associated with relative increase of 
polysaccharides and pentosans and decrease of monosaccharides, while high 
water content and lower temperatures are associated with relative increase of 
monosaccharides and relative decrease of the more complex pentosans and 
polysaccharides. 

Some observations were also made on aerobic and anaerobic respiration of 
cacti. Under both conditions carbohydrates are consumed. In the course of 
normal respiration in the dark there is a large production of malic acid as a 
result of the restricted oxygen supply in these plants; the alcohol production is, 
however, small. During illumination the malic acid is disintegrated to carbon 
dioxide and ethyl alcohol, the latter accumulating. Under anaerobic conditions 
little acid is produced, but, on the other hand, large quantities of alcohol. 

The work concludes with a short discussion on the origin and r 61 e of pentose 
sugars. The author appears to regard these as probably derived from more 
complex sugars through glucuronic acid, which is present in cacti and which 
should undergo photolysis in light into /-xylose and carbon dioxide in the same 
way that malic acid gives ethyl alcohol and carbon dioxide. 

This work appears to be a sound and reliable contribution to our knowledge 
of plant metabolism, and it is to be hoped the author will continue the prosecution 
of his researches into the chemistry of carbon assimilation. 

W. S. 


Botany for Agrionltural Students. By John N. Martin, Professor of Botany 
at the Iowa State College of Agriculture and Mechanic Arts. [Pp. x + 585,] 
(New York; John Wiley & Sons; Irondon: Chapman 8 c Hall, 1919. 
Price us, 6d, net.) 

In this book the fundamental principles of botany are set out and related to 
subjects of economic importance such as agi-iculture, horticulture and forestry. 



REVIEWS 513 

The book is divided into two parts—^the first dealing with the morphology and 
physiology of the flowering plant, the second with the different types of plants 
met with throughout the vegetable kingdom. Questions of classification and 
genetics are included in the second part. 

It is usual to commence a treatment of the general morphology and physiology 
of the flowering plant either with a description of the seed or with that of the 
adult sporophyte. Our author, however, commences with the flower. As this is 
in many respects the most complex of plant organs, one feels a certain prejudice 
against commencing the study of the plant at this point in the life cycle, though 
there is no logical reason why any particular point in the life cycle of the plant 
should not be used as a starting-point for its study. 

The book is not by any means overloaded with anatomy, emphasis being 
rather laid on the biological and physiological sides of the subject. This is all 
to the good in an elementary text-book on botany, especially one that is intended 
for the use of agricultural students. 

A few of the statements on physiological matters are not altogether satisfactory, 
as for instance the statement that ‘‘ There are various kinds of sugar, but there 
is considerable evidence that grape sugar, having the formula CaHiaOe, is the 
chief one formed in leaves. From this sugar as a basis other kinds of sugar, of 
which cane sugar (CiaHaaOu) is a common one, can be formed by minor chemical 
changes.*’ 

The wealth of illustrations, of which there are 488, adds to the value of the 
book. If these illustrations are not in all cases of high technical quality they 
are nearly always clear. The insertion of some of them seems scarcely necessary, 
as for instance that of a chickadee carrying a fruit in its beak and that of a cow’s 
tail loaded with weeds. Even a fiist-year student in agricultural botany ought to 
be capable of visualising these without the aid of illustrations. 

W. S. 


The Preparation of Substances impoxtant in Agriciiltnre: A laboratory 
ISannai of Synthetic Agricnltoral Chemistry. By Chakles A. Peteks, 
Ph.D. Third Edition. [Pp. vi-fSi.] (London; Chapman 8 c Hall; 
New York: John Wiley & Sons, 1919. 4^. net.) 

A KNOWLEDGE of the composition of the more important substances employed 
in agriculture and of their modes of preparation is almost essential both to their 
intelligent use and a proper recognition of their qualities and commercial value. 
The volume before us aims at supplying this information to the agricultural 
student by means of a series of laboratory exercises in the preparation of super¬ 
phosphate, sulphate of ammonia, potassium salts, lead salts, Bordeaux mixture, 
etc. For each substance the chemical nature of the steps involved is explained, 
together with notes on special points and the practical applications. 

Questions are added which should help to impress the salient facts upon the 
student, whilst the practical work itself is so arranged as to furnish an exercise 
in some of the more important chemical principles. 

To English and many American readers the use of simplified spelling will 
prove a hindrance rather than a help; but the fact that Prof. Peters’ work has 
already g ibird edition is a testimony to its practical utility. 

E. J, S. 
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Upon the Inheritance of Acquired Characters: A Hypothesis of Heredity, 
Development, and Assimilation. By Eugknio Rignano. Authorised 
English Translation by Basil C. H. Harvey, Assistant Professor ot 
Anatomy, University of Chicago. With an Appendix upon the Mnemonic 
Origin and Nature of the Affective or Natural Tendencies. [Pp. 413.] 
(Chicago: The Open Court Publishing Company, 1911. Price $2 net.) 

This work on a fascinating subject, by the distinguished editor of ScienUa^ should 
have attracted more attention than it has in this country since its appearance in 
English eight years ago. 

The author’s main object is to elaborate a theory of development which ho 
tprms “ centro-epigenesis,” the essential conception in which is that there is a 
central zone of development which exerts an infinite number of different influences 
on the rest of the organism ** by activating successively a regular series of specific 
energies, each remaining in a potential state up to the time of its activation.” 
A subsidiary hypothesis to this main one is that each “ specific nervous current ” 
from the central zone deposits a definite substance, and that this process is 
reversible; that is, this substance after deposition can provoke exclusively “ the 
same specificity of current” as that which deposited it. The author brings to 
the support of these hypotheses a quantity of experimental work on development 
and regeneration, drawing very largely on the work of Roux. 

With these hypotheses as a basis the author explains on the one hand the 
inheritance of acquired characters, and on the other mnemonic phenomena, “ in 
the widest sense of the word.” The book consisting thus of the presentation of 
hypotheses, the acceptance or rejection of these must depend on the judgment 
of the reader as to whether known facts support or contradict them, for the 
questions with which they deal are far too subtle for the hypotheses to be pul to 
direct experimental proojf. Probably the difficulties in the way of acceptance of 
the hypotheses will appear greater to students of plants than to zoologists. Thus, 
the author is forced to make assumptions in the case of plants such as that ** one 
must regard the leaf as the true individual, and one must attribute to it a 
centro-«pigenesis of its own a view which the student of the living plant will 
most certainly reject, On the whole one feels that the author has been led to put 
forward his hypotheses from a consideration of animals, and his ideas have been 
applied to plants as well in order to speak of the organism in general. 

But whether the hypotheses are accepted or rejected, the book will be read 
with great interest, both on account of the ingenuity of the writer in dealing with 
the facts he cites in support of his hypotheses, and for his shrewd criticism of 
pre-existing theories of development and heredity. He is, perhaps, at his best in 
his trenchant criticism of Weismann, and in his discussion of the alleged cases of 
inheritance of acquired characters, on which question he writes with great fairness. 
The remarks on what constitutes an acquired character are especially noteworthy. 

It must be admitted that the language is sometimes vague. Thus, “phe¬ 
nomena of nervous nature, in the widest sense of the word,” might include almost 
a^iything. Also, the author shows too much respect for Ae clever aphorisms of 
Vrhich some writers of the past generation were unduly fond. Thus, Huxley’s 
definition of a plant as “ an animal shut up in a wooden box ” is a thing to be 
forgotten—not to be quoted with approval. And to describe Haeckel’s dogma that 
ontogeny is a recapitulation of phylogeny as “the fundamental biogenetic law” is, 
to put it mildly, an e^faggeration. In the plant kmgdom it is rather the exception 
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than the rule for this “law” to hold, and this is reflected in the little use 
embryology has been in the manufacture of plant phylogenies. 

It is a pity that the remarks on Xenia, on p. 74, should have crept into the 
book. The explanation of this phenomenon, based on double fertilisation, is so 
convincing and well-known that the explanation of “the heretofore puzzling 
phenomena of the Xenia ” put forward by the author appears very curious. 

W. S. 


Textbook of Embryology. Vol. II, Vertebrate with the Exception of Mam¬ 
malia. By J. Graham Kerr, Regius Professor of Zoology in the Univer¬ 
sity of Glasgow. [Pp. ix + 591, with 254 illustrations.] (Macmillan & Co., 
1919. Price 31 j. td. net.) 

This is the second volume of this “ Textbook,” following the first by Prof. MacBride. 
In the first place we must say immediately that this is undoubtedly a great work, 
and a worthy mate to the previous volume, and this opinion is forced on one even 
though there may be parts of the volume with which one is obliged to find fault. 
The Introduction is poor and skimpy; we do not consider that such a book should 
have been written without a better and fuller treatment of vertebrate gameto- 
genesis. The first thirty pages are taken up with the description of various forms 
of segmentation in Vertebrata, then follow some pages on gastrulation. The 
author concludes that the primitive streak of birds represents the line of coal¬ 
escence of the gastrular lips just as it actually Is in reptiles, and that the neuren- 
teric canal which transverses the primitive streak of the tern, duck, goose, etc., 
represents a persisting portion of the once slit-like gastrular mouth which is other¬ 
wise obliterated. 

The origin of the mesoderm is then discussed. Prof, Kerr gives what we 
consider a very clear account of the subject We cannot, however, agree with 
him when he claims that the region of continuity of the mesoderm with the endo- 
derm in forms such as Rana is ventral, and not dorsal, as Hertwig and most other 
embryologists believe. The question is one of some importance, and the reviewer 
cannot see how Prof. Kerr can uphold his tenets if he compares his own figure 
34A with his figure 33A. The chapter on skin and its derivatives is interesting, 
but surely more space might have been given to the development of the nervous 
system? The treatment of the subject of the alimentary canal is nicely balanced. 

With reference to the renal organs, the author has a peculiar modified view, 
which seems to us very perverse. Most workers agree that Goodrich showed 
clearly that in Annelids the nephridial tube and coelomic funnel were at first 
distinct and separate structures with separate external openings, and that in 
certain cases subsequently a more or less intimate interconnexion between the 
funnel and the tube came about. Prof. Kerr considers that in all probability 
the funnel and tube were originally connected, and later on tended to separate 
from one another. We consider ^at the author does not fully appreciate the 
evidence adduced by Goodrich, The subject of the migration of germ-cells in 
early development has been enriched by the splendid work of John Beard, Allen, 
etc., and one might have expected some sort of proper treatment of the view of 
the early segregation of the germ-cells. What we do find is that Prof. Kerr has 
merely stated that the “evidence (for such views) has not as yet, in the present 
writer's opinion, reached a stage of being convincing.” While we ourselves agree 
with this statement fully, we consider something more might have been given in 
this volume. Space does not allow us to comment much fhrther on the Professor's 
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fine book, but we cannot leave the subject without saying that his modified Gcgen- 
baurian view as to the origin of the paired limbs is peculiar. He considers that the 
paired limbs arose phylogenetically from external gills, and rejects Balfour’s 
lateral fin-fold hyjpolhesis. 

The latter part of the book is occupied by a discussion of a number of the 
problems relating especially to the embryology of the Vertebrata, We do not think 
the author is very happy in his discussion on recapitulation, especially in his remarks 
on trochospheres and nauplii on p. 492. The end of the book is formed by a 
chapter on the practical study of the embryology of the fowl; in such n textbook we 
consider this telescoped account superfluous. All embryological libraries contain 
the books of Lillie and Marshall, ?md it would have been better had this space 
been used for other purposes* Naturally, the forms Lepidosiren and Protopterus 
come in for a good deal of attention—-we consider, however, with advantage. The 
illustrations and printing are extremely good. 

This is a very fine piece of work, and our congratulations are offered to Prof. 
Graham Kerr. 

J. Bronte Gatenby. 


World Power and Evolution. By Ellsworth Huntington, Yale University. 

[Pp. 9 4- 287, with 30 illustrations.] (New Haven : Yale University Press, 

1919. Price lor. 6 d, net.) 

This is a very interesting work, dealing with Health, Climate, and general 
environmental conditions in the evolution of Nations and Races. The author has 
travelled in many of the countries he talks about, and so has first-hand evidence. 
Here is a good specimen of the author’s method of attacking the problem: “ The 
human animal now rides instead of walks; lives in stuffy houses instead of out-of- 
doors or in caves; wears clothes instead of exposing his body to the weather ; and 
eats soft, cooked, concentrated food instead of that which is raw, tough, and bulky. 
He preserves the sick and weakly instead of letting them die; he permits an 
economic and social system which causes the people with the greatest mental 
power to have fewest children, while the stupid breed like rabbits. ...” He 
also gives statistics showing that even in enlightened America, with its advanced 
legislation, an immense amount of physical defects is found in the population. 
He gives curves showing how business is connected with, and sensitive to, 
national health. He brings into his discussions an extensive knowledge of 
biological ^problems, Jn his treatment of the subject of “ New Types among 
Men,” he considers that America, with its polyglot “ hybrid ” population, is more 
likely to produce genius than a country with a pure population; but he also 
considers that, while such variability promises men of genius, it also promises an 
equal number of exceptionally low and dangerous types. His apologia for 
Turkish brutality does not convince. It is not the climate or stupidity that makes 
the Turks assassinate Christians—it is pure savagery and unharnessed viciousness. 
Some may consider that Dr. Huntington has insisted far too much on the effects 
of environmental conditions such as climate; we do not think the author has 
erred far in this way, and we feel that he has proven his case very completely. 
Of the great cities—London, Paris, Berlin, and New York—the author shows 
that the first-named city has the smallest difference between highest ahd lowest 
monthly mean temperatures, and is one of the most favourable in the world for 
producing a healthy race. In his treatment of the United States he consideis 
that only one'^half of the population lives in a highly stimulating climate. 
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This is undoubtedly a very interesting book, and one which we consider of 
value to the student of Man and Modern Civilisation. It is daringly written, and 
is bound to stimulate interest in the various problems the author has discussed. 

J. Bronte Gatenby. 


Heredity. By Prof. J. Arthur Thomson, M.A., LL.D., Professor of Natural 
History in the University of Aberdeen. Third Edition. [Pp. ix + 627, 
with 47 illustrations.] (London : John Murray, 1919. Price 15.^. net.) 

This is the third edition of Prof. Thomson’s book The author is such a great 
authority on all aspects of heredity that one hardly needs to comment on this 
new edition. For one who wishes to have a reliable work on Heredity and Sex, 
and especially on the philosophy of these subjects, Prof. Thomson’s book is 
recommended. In the present edition a great deal of the newer evidence on 
Heredity has been introduced, and the Professor has managed to deal with 
several very bitterly debatable questions with fairness. We consider the cytology 
rather weak, but we know of no other book of such wonderful value to the lectuier 
and student. It is a colossal mine of learning in all matters relating to Heredity, 
Sex, and Mendelism. 

J. BRONTi Gatenby. 


The Elementary Hervoue System. Monographs on Experimental Biology, 
By Prop. G. H, Parker, Sc.D. [Pp. 229, with 53 illustrations.] (Phila¬ 
delphia and London: J. B. Lippincott Company, 1919. Price §2.50 net) 
[Second Review.] 

Prof. Parker’s papers have already established his reputation as an authority 
on the nervous system of the lower animals, particularly on that of the Coclen- 
terales and Porifera. The present work, being the second of the Monographs on 
Experimental Biology issued under the editorship of Jacques Loeb, T. H. Morgan, 
and W. J. V. Osterhout, makes accessible, in a very readable form, the general 
conclusions he has reached, and reviews the evidence by which he has reached 
them. 

The subject is one that has received a certain amount of attention previously, 
but scarcely as much as its interest and importance warranted, from workers who 
^ have approached it from either the anatomical or the physiological point of view, 
but rarely both. Prof. Parker has used both methods side by side with striking 
success, and so gives another example of the importance of not separating the two 
methods of approach which should, of course, go hand in hand in all biological 
inquiry. 

Starting with the lowest of the Metazoa (the Sponges), the motor mechanism is 
described, and we find in them, as in lowly Coelenterates, that the unit is a 
“ primitive type of muscle tissue . . . unaccompanied with nervous elements ” 
This simple tissue is capable of receiving and responding to external stimuli. In 
some of the Coelenterates this simple mechanism has advanced to the extent of 
the epithelio-muscular cell being differentiated into two portions. One part of the 
cell, situated externally, is receptive in function, and the other internal part is 
contractile. Next, in the higher Coelenterates, we find a receptor element (the 
sensory cell) and a separate effector element (the muscular cell). Still, in the 
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same Phylum we encounter the introduction of another element, termed by 
the author a protoneurone,” inlerpolated between the receptor and the muscle 
cells. It is the appearance of this third element that lenders possible the 
development of the central nervous system in both Invertebrate and Choi date 
types. In this final type we find that the central nervous system serves as an 
adjustor. 

The nervous systems of higher animals are also dealt with to some extent, even 
including a brief indication of the main characteristics of that of the Chordata. 

The book is well written and, as will be seen from the foregoing brief summary 
of its contents, one of great importance in all work dealing with the experimental 
investigation of the behaviour of the lower animals. In addition, it is a distinct 
contribution to our knowledge, both of the function and structure of the lower 
organisms, and presents another and fresh aspect of our conception of the nature 
of nervous control in animals. It should find a place in the library of all 
biologists. 

C. H. O'D. 


1 

SnSBXCIlTB 

The sWan Skeleton: an Interpretation. By Herbert Eugene Walter, 
Associate Professor of Biology, Brown University. [Pp. xv + 214, with 
175 illustrations.] (New York; The Macmillan Company, 1918. Price 
loj. net.) 

Although its title would seem to indicate that this is merely another book 
dealing with human osteology, it is in reality both something more and something 
less than a text-book for medical students. After discussing the evolution of the 
vertebrate skeleton, the author proceeds to describe, very briefly it must be 
confessed, the individual bones of the human skeleton and to outline their 
morphology. Written throughout in an attractive manner, the book contains 
many delightful and unexpected expressions, such as the summary of the different 
characters assumed by the tail (p. 78). 

It is important, however, that a book of this type, written principally for the 
lay public, should avoid the possibility of creating misconceptions, and, in this 
respect, the book cannot be said to be without fault. Such statements as the 
human arm is a foreleg which has become emancipated from the work of loco¬ 
motion and support,” and “nor are defensive outriggers, like horns, any longer 
necessary, because the swinging arms take the place of such organs of defence,” 
can only give to the layman the erroneous impres.sion that some unnamed hoofed 
and homed monster stands in the direct line of man’s ancestry. It may, further, 
reasonably be feared that the frontispiece, which is described in the preface as 
graphically expressing the motif of the book, will be interpreted as meaning that 
the human skeleton is an adaptation of the skeleton of the horse or vice versa. 

Further, one expected to find more frequent references to palaeontological 
zoology, particularly in the sections dealing with the evolution of the limbs and 
limb-girdles. 

Despite these omissions and blemishes, the book may be heartily recom¬ 
mended to all who, for any reason whatsoever, are interested in human anatomy, 
It would be especially interesting to the thoughtful medical student after he has 
completed a year’s dissections, for by that time he has forgotten much of his 
biology, and has acquired an interest in the human skeleton which few books, 
of convenient size, do anything to satisfy. 


T, B. J. 
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A Manual of Machine Design. By Frank Castle, M.LMech.E. [Pp. x + 353, 
with 207 figures and illustrations.] (London: Macmillan & Co., 1919. 
Price 7J. 6 d) 

This book will be hailed with delight by the hundreds of technical teachers 
throughout the country. It has the distinct merit of being written by a teacher 
of great technical standing for students who are bound hand and foot by 
examination results. It is true that the Board of Education has made efforts 
to break down the examination bogey, but it has not carried its efforts to a 
logical conclusion. While it abolishes the greater number of its own examinations 
and encourages committees and teachers to conduct their own affairs, it allows, 
without at least a public protest, numerous bodies, unions, and associations, to 
be established, with the one aim and object of conducting examinations. 

When the students of technical institutions are examined under conditions 
that obtain in our teaching universities the uses of Mr. Castle’s book will be 
practically nil, and teachers will fall back once more on those types of books 
which point clearly to the value of research, to the value of experience, which 
make students think, and which, more than anything else, indicate that two 
designs, totally different, may accomplish a set end and both be economical, 
efficient, and theoretically and practically sound. 

Such books also indicate that sound design invariably leads to a certain 
degree of standardisation chiefly owing to limitations imposed and conditions to 
be fulfilled. 

A student knowing Mr. Castle’s book thoroughly would, without any question, 
pass certain examinations with credit. Therein, as we have said, lies tire merit of 
the book. 

The same student would more than likely prove a distinct trouble in the 
drawing office. Take a few examples, 

A young designer is asked to design a knuckle joint as given in Example Ko. 6, 
p. 71. The rod works out to 1*78 in. diameter, or iH m. There is not a 
suggestion of the young designer looking up makers’ sizes to see if in. is 
a stock size of rod, much less looking up the stock-book of the particular firm 
concerned. 

Now il3 in, is of course rolled, and would, perhaps^ be in stock at the makers’, 
but the chances are that ijfin. would prove the nearest local size. Not a 
suggestion of this important point is given in the book. 

Then, again, Example 16, p. 113, is for the design of a rolled steel girder to 
carry a brick wall over a 20 ft, clear span. 

The design finishes with a flange 6 in. wide. Not a hint is given as to the safe 
pressure per square foot for brickwork, or as to the wisdom, or otherwise, of 
carrying a brick wall on a surface 6 in. wide. 

The last example we propose lo take is the question of the design of bolts. 
Here the product of Mr. Castle’s book may be really dangerous. Working 
stresses in the examples given vary between 3,000 lb. and 5,000 lb. per sq. in. 

Not a word of warning is given that for a black | in. diameter bolt on a rough 
joint (a kind frequently used in practice) the lower value (3,000 lb. per sq. in.) 
would be much too high—indeed, Mr. Castle does not discriminate between 
rough and finished joints nor between large and small bolts. 

It is with relief that we think our serious designers have been guided by 
Unwin and Seaton, and we suggest that in the revision of the next edition the 
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author should have the assistance of an enj^inecr who has been lesponsible foi 
some actual designs. 

J. Wemyss Anderson. 


Irrigation Engineering* By Arthur Powell Davis, D.Sc., and Herbert 
M. Wilson, C.E. [Pp. xxiv -l- 640, with 249 figures and lix tables.) 
(New York: John Wiley & Sons; London: Chapman Sc Hall, 1919. 
Price 21s, net.) 

So much has been written lately on the “education of the engineer”—in which 
neither of the terms, “education” nor “engineer,” have been understood, much 
less defined, that it is a positive recreation to read the preface to this volume 
(seventh edition). 

The engineer, it clearly points out, must be capable of grasping the social, 
political, and economic conditions of the country in which he works. 

Irrigation practice differs, and differs very widely in different countries, not 
only on account of the customs and labour available, but on account of the 
difference in the soils, plant life, and food, and the duty of water on the varying 
lands and plants. 

Then again, a number of other important points have to be considered, an 
outstanding example of which is given on p. 185: “It is said that large areas 
in India, formerly subject to occasional famine caused by failure of crops on 
account of drouth, were relieved by irrigation works to counteract the drouths, 
only to find that the mortality from malaria induced by the marshes resulting from 
irrigation was greater than that formerly due to famine.” 

The reviser of this edition (Dr. Davis) has succeeded in incorporating in his 
work all the technical detaijs necessary to the irrigating engineer, together 
with an ample chemical, geological, and botanical treatment. References and 
guidance aie given to those who wish to dig wider and deeper into any one of 
the numerous subdivisions into which irrigation engineering is divided. 

Now that our men of pure science have realised what a field of investigation 
the engineer opens out to them, and how much the engineer would be indebted 
to pure science for better and deeper guidance, we have no hesitation in saying 
that irrigation forms an ideal example of such a field, and that this volume 
would form an excellent guide as to where further investigation is needed. Can 
any one deny that the medical man and the engineer, working together, could 
not prevent famines, without fear of malaria ? 

Finally, we venture once more to ask why all the best engineering books aie 
now coming from U.S.A. ? 

J. Wemyss Anderson. 


Applied SCechames, Vol. XL; Strength of ItaterialB. By Charles 
E. Fuller, S.B., and William A. Johnston, S.B* [Pp* xii 4- 556, with 
282 figures.] (New York: John Wiley Sc Sons; London: Chapman Sc 
Hall, 1919. Price 17s, 6d. net.) 

A CASUAL glance at this volume would, no doubt, result in it being classed with 
the many excellent books on the strength of materials at present on the maiket. 
Closer study, however, indicates that the authors* claim that “considerable attention 
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has been given to the logical development of the subject, and care has been taken 
to point out the limitations of the different theories; emphasis being laid on the 
divergence of the conditions met in practice fiom the ideal conditions under 
which the theoretical formulas are deduced, and on modifications necessary, or 
advisable, when the formulas are used under ordinary working conditions”—is 
more than justified. 

Indeed, these points in particular, no less than the general treatment through¬ 
out, stamp the volume as being in a class by itself. 

With very little addition the work carried out on such sound lines “for the 
use of students in the Departments of Engineering in the Massachusetts Institute 
of Technology ” would be of the greatest value in the library of the engineer. 

The chief addition would be with respect to {a) the actual testing of materials, 
(Jti) working stresses. 

Thus, “hardness” is defined on p. 2. No mention, however, is made of the 
methods of testing hardness. There can be no question that an outline of 
the chief tests of materials, in a book on the strength of materials,” would be 
of value to the student as well as to the engineer. In the same way a tabulation 
of “working stresses ” and the methods of determining same would be a great 
help to the designer in college no less than to the more mature designer in 
practice. We contend that there arc many important points discussed in this 
volume the full significance of which the mere student could not be expected to 
realise—more particularly, those modifications of theory so necessary in piactice. 
The engineers, in practice, would welcome the help given them on these points, 
which form so strong a feature of the book. We have no hesitation in recom¬ 
mending the volume to students and engineers alike. 

J. Wemyss Anderson. 


mciscEXiX^ANEons 

A Century of Science in America. By Edward Salisbury Dana and other 
writers, [Pp. xi -f- 458, with 22 portrait plates.] (New Haven: Yale 
University Press; London: Oxford University Press, 1918. Price lys, net.) 

This volume contains the fourteenth course of the Silliman Memorial Lectures, 
which were inaugurated in 1901 by the Corporation of Yale University when it 
came into possession of the legacy of ?8o,ooo given by the children of Mrs. 
Hepea Ely Silliman, in 1883, as a memorial of their mother. It commemorates 
the hundredth anniversary of the foundation of the American Journal of Science 
by Benjamin Silliman, who at the time occupied the chair of chemistry and 
mineralogy at Yale College. 

Tlic first chapter of the book contains an account of the history of Journal, 
It appears that its inception was due to Colonel George Gibbs, whose famous 
collection of minerals was pui chased by Yale in 1825. Benjamin Silliman rather 
reluctantly consented to act as editor, for he recognised the difficulties which 
then confronted the holder of such an office and the demands it would make 
on his time. He had a twofold problem to solve: not only had an audience 
to be found among a public little interested in science, but also material to fill 
his pages. The original “ Plan of Work” was for these reasons most com¬ 
prehensive, including not merely all branches of science, but all the applied arts 
a$ well. Just at first progress was very slow, and in his preface to the fourth 
volume the editor, who had by now assumed pecuniary responsibility for his 

34 
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Journal^ stated that ** the work has not even yet reimbursed its expenses (we 
speak not of editorial or business compensation); we intend that it has not paid 
for the paper, printing, and engraving.” The deficit, however, had ceased to 
increase, and the fifth volume closed with the assurance that the/ourml would 
live. Indeed, its prosperity so increased that in 1829 it was found possible to 
pay for original contributions, a privilege which the editor to-day finds far beyond 
his means. As the years passed by Silliman received more and more help from 
his son, and in 1838 added his name as co-editor on the title-page. A little later, 
in 1846, James Dwight Dana, his son-in-law and father of the present editor, 
joined the editorial staff, ultimately to continue as editor until 1890. 

The preface to the volume beginning in 1847 is so characteristic of the elder 
Silliman’s style and outlook on life that quotation here may perhaps be permitted: 

“ In tracing back the associations of many gone-by years, a host of thoughts 
rush in, and pensive remembrance of the dead who have laboured with us casts 
deep shadows into the vista with which we view the past. Anti|bipation of the 
hour of discharge, when our summons shall arrive, gives sobriety to thought and 
checks the confidence which health and continued power to act might naturally 
inspire, were we not reproved, almost every day, by the death of some coeval, 
co-worker, companion, friend, or patron. This very hour is sadaened by such an 
event, but we will continue to labour on, and strive to be found at our post of 
duty, until there is nothing more for us to do ; trusting our hopes for a future life 
in the hands of Him Who placed us in the midst of the splendid garniture of this 
lower world, and Who has made not less ample provision for another and a 
better.” 

The reverent sincerity of this passage seems to have been characteristic of all 
his wrtings and work. 

Perhaps the most remarkable feature in the history of the Journal has been 
its independence of outside subsidies ; it has always been self-supporting, the 
financial responsibility resting with the editor-in-chief. Nevertheless, the monetary 
difiiculties during the present war are said to have been greater than ever before, 
and a plea is made for the establishment of a fund wherewith to carry on when 
the present editor and his family have to relinquish their responsibility for the 
maintenance of the work* 

The contents of the book itself may most briefly be indicated by a ciuolation 
from the prefatory note. The several lectures which make up the whole “arc 
devoted to the principal branches of science which have been prominent in the 
pages of the Journal, They have been written with a view to showing in each 
case the position of science in 1818 and the general progress made (luring the 
century; special prominence is given to American science, and particularly to the 
contributions to it to be found in ^ejourmll* 

Rather more than half the book is concerned with the growth of Cleology in 
its several aspects, successive chapters being written by Charles Schuchen, 
Hebert E. Gregory, Joseph Baixell, George Otis Smith, Richard S. Lull, Louis V. 
Pirsson, and William E. Ford. Dr. Sosman contributes a short article on the 
work of the Geophysical Institute at Washington; Messrs. Horace L. Wells 
and Harry Foote write on Chemistry; Leigh Page on Physics; while Wesley 
R. Coe and George L. Goodale deal respectively with Zoology and Botany. It 
remains to add that the collection of lectures forms a most valuable account of 
the enormous advance that has taken place in our scientific knowledge during 
the last hundred years—a growth unparalleled in the past, and unlikely, even in 
the most optimistic view, to be approached in the future. 


D. 0 . W. 
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The Boy’s Own Book of Great Inventions. By Floyd L. Darrow. 

[Pp. xii + 385, with 104 figures in the text and 33 plates.] (New York; 

The Macmillan Co., 1918. Price 12s, 6d^ net.) 

It has become a commonplace in this country that the general science course 
must be brought into closer touch with everyday phenomena; but, as yet, it is 
only in the United States that the books so urgently needed for this purpose 
are being written. The Bofs Own Booh of Great Inventions is an excellent 
example of the type of book required. The author is a science teacher in 
Brooklyn, N.Y., and as a consequence the volume is pleasantly free from 
the technical blunders which so often mar books of the kmd. Moreover, 
although it is written in a style which will be readily understood and enjoyed by 
boys learning science at school, it nevertheless contains a considerable proportion 
of strictly scientific matter: it would not be welcomed as a present by a boy 
altogether ignorant of Physics 1 The author’s method is admirable. He first 
gives an account of the history of the subject he is discussing; next, he deals 
with its principles or theory; and finally, wherever possible, he describes how the 
reader may himself construct a working model. 

The inventions dealt with are chiefly those which mankind owes to the 
physicist and engineer, an exception being some fifty pages devoted to chemistry, 
more especially to the metallurgy of iron and steel. The other chapter headings 
may be summarised as follows: the Gyroscope, the Telegraph and Telephone 
with and without wires, the Aeroplane and Submarine, Steam, Gas and Petrol 
Engines, Agricultural Machinery, applications of electricity, especially in relation 
to Transport, Light, and Heat, and finally the Telescope. Indeed the only notable 
omissions from the list are the gramophone and X-rays—the inclusion of which 
would have been more in accord with the general atmosphere of the book than 
the chapter on the telescope. The diagrams are clear and the photographs of 
the interesting type with which the modern American textbook is making us 
familiar. We can recommend Mr. Darrow’s book very cordially, particularly for 
the school library. 

D, O.W. 


Gix Weeks in Btissia in 1919 . By Arthur Ransome. [Pp. viii + 152.] 
(London : George Allen & Unwin. Price 2s, 6d. net.) 

It is something to read a book written by a man who has spent even only six 
weeks in the heart of Bolshevist Russia, who has spoken—nay, has even 4 ined— 
with the leaders of the Terror, and who has seen something during his short stay 
of the present condition of Russia, at any rate in Petrograd and Moscow. 

Mr. Ransome seems to have made his journey in order to write his history of 
the Revolution, and he appears to have had full permission from the Bolshevist 
authorities to collect material. 

According to the writer, food is very scarce in Moscow, and can only be 
purchased at a ruinous price } but every other commodity, including clothes, is in 
great demand. When a man requires a new suit, he must first satisfy his House 
Committee that he needs one. 

The speeches of the various members of the All-Russia Soviet on the Prinkipo 
Proposal are, as described by Mr. Ransome, particularly interesting. The Soviet 
appears to be composed of every kind of individual—^from the wild fanatic to the 
self-seeking adventurer. From a conversation that tl^ writer had with the 
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Chinese Workers’ delegate, it appears that there are only about two or three 
thousand Chinamen in the Red Army, He was also fortunate enough to be able 
to talk with a “ bourgeois.” 

It seems strange to think that so many theatres are open, and, what is more, 
filled, in Moscow. But at the time of the September Massacres in Paris was it 
not the same ? 

The Right Social Revolutionaries seem the most hopeful of the more extreme 
opposition parties. The Left Social Revolutionaries are hopeless, as are the 
Menshevists. Mr. Ransome does not mention the Cadets. 

C. C. R. 


Papers for the Present. Third Series. No. 9, The Drift to Revolution. 

[Pp. iv + 52, with 7 figures.] (London: Headley Bros., Ltd., 1919. 

Price IS. net.) 

“ The Drift to Rev^ution ” is one of a series of papers on contemporary social 
evolution published by the Sociological Society, and the object of this particular 
paper appears to be to present a study of present-day problems, and suggestions 
for many necessary reforms. The first section of the paper presents a decidedly 
unflattering picture of the modern utilitarian as personified by Messrs. Herbert 
Spencer and Jeremy Bentham. This class of person seems decidedly unpopular 
just now; but, all the same, we must give them their due. They went too far, of 
course, but that is no reason why we should rush the other way and hold up all 
their ideas to ridicule. 

The writer seems to assume that the doctrine of tcdssez faire was ushered 
in by the Industrial Revolution and the Wealth of Nations.^’ Hardly so. Both 
Bolingbroke and Walpole had been stealing along the paths of Free Trade, and 
it is not improbable that Adam Smith’s ideas would have been enunciated even 
without the stimulus of the industrial revolution. Neither did the, creed of 
** Liberalism ” begin then. There has always been a party of reform in Church 
and State, and is it likely that the motives of Lord Grey in 1833 were any more 
disinterested tlian those of Thomas of Gloucester in 1813? The bulk of the 
manufacturers and aristocratic Whigs supported the first Reform Bill for their 
own selfish ends, not because they hoped that the millennium would follow, as 
their poor ignorant dupes did. But it is true enough to say that all classes took 
part in the Reform agitation, and that the joint efforts of the Liberals (or Whigs) 
and the Radicals secured Free Trade. On p. 9 occurs a slight mistake: 
**From these newly-enrichcd classes” (of the Industrial Revolution) “had arisen 
political families like the Pitts. . . The Pitts were never particularly rich. 
The younger Pitt had gained much of his popularity from the fact that, although 
poor, he had refused the remunerative sinecure of the Clerkship of the Pells. 

The next section of the paper deals with the relations between Capital and 
Labour, and most of it is admirable. There is an excellent description of 
Production,” “ Distribution,” “ Consumption,” as Karl Marx saw it. 

There follows a section on the growth of Imperialism, and, incidentally, of 
Bureaucracy. There is a somewhat disparaging account of the latter. With the 
growth of Empire offices are bound to multiply. If we conquer India, we must 
expect to find an India Office on the heels of the conquest; but there is no doubt, 
as the writer says, that the average bureaucrat is not particularly observant. 
Why should he be, indeed ? The writer correctly points out the close relation¬ 
ship between Junkerdom and Social Democracy. 
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He goes on to speat of the duel between the financier and the anarchist. 
The writer recognises the need for some sort of compromise, but Bolshevism, 
which he scarcely mentions, is neither Anarchism, nor Syndicalism, nor Guild 
Socialism. 

The last section presents a series of clever diagrams, showing the parallel, yet 
opposing, forces in the State. But it is hardly right to call the Radicals, Socialists, 
and Anarchists, the Party of Progress, at any rate of cautious Progress. Call 
them rather the Party of Disorder. There is one in every State : there always 
has been, and there always will be. The writer concludes with an appeal to the 
nations of Europe to combine to form a real Society of Nations, containing the 
virtues of every people. But would it not be as well to see what we can do with 
our own country first ? 

C. C. R. 


An Enquiry Concerning the Principles of Natural Knowledge. By 
A. N. Whitehead, Sc.D., F.R.S. [Pp. xii + 200, with 19 illustrations.] 
(Cambridge University Press, 1919. Price I2J. 6^. net.) 

The recent striking confirmation of Einstein^s theory by the observations carried 
out during the total solar eclipse of May of this year has been heralded as a 
revolution in science, and as the deposition of the traditional view of physical 
nature. To the practical scientist Einstein’s theory will mean at present very 
little reconstruction. The main facts and resultant generalisations of physical 
science remain valid, except for certain corrective terms, generally very minute. 
Revolution will result rather in the philosophic basis of our view of physical 
nature, in that the principle of relativity, readily accepted by all thinking people 
as regards space, will be extended to include time; and this does not in fact t^e 
us much further than the restricted theory” enunciated by Einstein in 1905, and 
so brilliantly interpreted by Minkowski. 

Prof. Whitehead’s aim is to raise the problems involved in such a recon¬ 
struction, and the question that he asks himself is : “What are the ultimate data 
of science ?” He divides his enquiry into four main branches. He first disposes 
of the traditional conception of the durationless instant of time, and the consequent 
implication of an absolute time: what we are aware of in external nature is a 
duration. The author then identifies the data of science as events and objects. 
The structure of events provides the framework of the external nature within 
which objects are located. What we perceive are spatio-temporal relations of 
material—lime, space, and material being in fact the relations between events. 
Thus time and space are abstractions expressive of certain qualities of the structure 
of events. Then follows the discussion of events by what Prof. Whitehead 
calls the method of extensive abstraction, events being classed according to their 
K-quality, or quality of extension in spatio-temporal relationship. The analytic 
geometry of motion is investigated by the transformation firom one consentient 
set to another, based on the principle of kinematic symmetry. Three types of 
kinematics are shown to be possible, differentiated as: (i) elliptic, in which no 
distinction exists between time and space, so that it is inapplicable to nature; 
(ii) parabolic, the ordinary Newtonian common-sense system; (iii) hyperbolic, 
corresponding to the Larmor-LorenU-Einstein transformation, for which the 
electromagnetic equations are invariant. The enquiry concludes with the ^eory 
of objects. An interesting outcome of Prof, Whitehead’s trmn of ideas is the 
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distinction between what are ordinarily called dead and living objects. In the 
dead or physical object there is a permanently rhythmic repetition of events only 
in their microscopic or molecular aspect; in the living object the rhythm is 
manifested also in the macroscopic aggregate. 

It is possible that Prof Whitehead’s reply to his query will not meet with imme¬ 
diate acceptance, and that contemporary progressive thought will give an answer 
deviating somewhat from his presentation. There can be no doubt, however, 
that the main lines of the enquiry as conducted in the present volume offer a 
basis for profitable discussion, and that the author takes us one “step further into 
the unfathomable mystery.’* 

S. Brodetsky. 

The Philosophy of Conflict, and Other Essays in War-time. Second Series. 

By Havelock Ellis. (London: Constable & Co., Ltd., 1919.) 

A BOOK by Mr. Havelock Ellis is certain to be interesting, and the present volume 
fully comes up to expectations. It consists of essays on a great variety of subjects, 
many connected with the war, and most of them concerned directly or indirectly 
with the changes of social outlook which have been necessitated by the war. 
Problems of sex, and the social status of women, receive much attention; and 
there are some purely liteiary essays, including one on Justina de Wynne 
Rosenberg, whose chief title to fame at the present day is the very ambiguous one 
of having been a friend of Casanova. 

Mr, Havelock Ellis is a psychologist, whose forte lies in a remarkable penetra¬ 
tion and knowledge of human character. In consequence, his essays convey 
an impression of depth and exhibit a philosophic spirit, which render the book 
both pleasant and informing to read, quite apart from questions of agreement or 
disagreement, Mr. Ellis advocates the principle of Eugenics, but does not 
meet the main argument of its opponents. If we were certain that the data of 
the Eugenists were complete, we should assuredly support the policy whicti they 
advocate. But are we satisfied that their data are complete ? Any action which 
really did affect the germ-plasm of the human race would be fraught with vast 
consequences for the future of humanity; and such action can only be justified 
if ^ased upon a knowledge that is absolute find unquestionable; a false step would 
be irretrievable and utterly calamitous. Now, when wc observe the numerous 
errors committed by statesmen m more ephemeral matters of smaller importance^ 
we shall surely be well advised to hesitate before entrusting the hereditary con¬ 
stitution of humfmity to the control of persons who have neither knowledge of nor 
regard for scientific principles. A matter of such deep importance is safer left iu 
the hands of Nature than thrown into the cauldron of party-politics, to be deter¬ 
mined by the ignorant prejudices of popular opinion. Nor do we think that Mr* 
Ellis himself has sufficiently considered ill aspects of the matter. He adopts with¬ 
out apparent question the popular opinion that war destroys those most fit to cany 
on the race. But is it really so ? We believe that a very large percentage of those 
who on medical grounds were prevented from taking an active part in the war 
owed their disability to physical causes of a non-hereditary type—as, for instance* 
heart disease, rupture, and so on, due rather to the accidents of individual life than 
to any hereditary weakness. On the other hand, large numbers of constitutionally 
infenor persons were swept into the Army, where their weakness too often became 
manifest. Persons medically disabled from the front line, in short, were those 
whose disabilities were obvious, and to a very large extent did not diminish their 
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competency for breeding* or affect their constitutional germ-plasm. Wounds 
inflicted in war similarly leave no hereditary taint. 

Here, then, is an illustration of a deficiency in our knowledge, sufficient to 
preclude action until it has been made good. And if so discerning a thinker as 
Mr. Ellis has neglected this point, what chance is there of ensuring that popular 
government shall be delivered from all risk of oversight? In proportion to the 
immense consequences of action must be the precision and completeness of our 
knowledge. 

The longest of the essays is one on Psycho-Analysis, in the course of which a 
wholly admirable criticism is given of the doctrines of Freud and Jung. It is 
interesting to note that Mr. Ellis was one of the first to introduce Freud’s 
Psychology into England. But, after all, we can give no higher praise to this 
most suggestive book than by saying that it is fully worthy of the author’s 
reputation. 

Hugh Elliot. 

The Book of the Lews. By W. C. Mackenzie, F.S.A. (Scot.). [Pp. 276 + xv.] 
(London : Simpkin, Marshall, Hamilton, Kent & Co., Ltd.) 

Though neither the most picturesque nor the most fertile of the Hebrides, 
nevertheless Lewis, or “the Lews,” as it is sometimes called, is far from being 
devoid of interest, and under its new ownership the island has great possibilities 
before it. 

Although it was probably inhabited many centuries before the Christian era, 
the real history of the island commences with its occupation by the Norsemen. 
Indeed, Noise blood flows in the veins of a very considerable proportion of the 
inhabitants of Lewis, and up to the time of the battle of Largs the island re¬ 
mained, nominally at any rate, under the sway of the Kings of Norway. The 
character of the “hardy Norseman” engrafted on that of the native stock has 
produced a race not inferior in quality to any of the inhabitants of Great Britain. 

The history of the old castle of Stornoway, which was destroyed during the Pro¬ 
tectorate, and which has no connection with the present castle, is inseparably 
connected with the name of MacLeod. The MacLeods are, even to-day, the most 
considerable clan in Lewis. Their chiefs, who were probably of Norse descent, 
were vassals first of the Lords of the Isles, and then, after the fall of those 
potentates, of the Crown of Scotland. Towards the end of the sixteenth century, 
however, the island fell into such a state of anarchy and misrule that King 
James VI granted it to a certain company of “gentlemen adventurers ’’from Fife, 
in order that they might develop the “ extraordinary rich resources ” of the island 
“ for the pubhck good and the King’s profit,’’ and incidentally that they might 
“ ruit out the barbarous inhabitantis.” But the efforts of this company to take 
possession of Lewis were met with such strong opposition from the “ barbarous 
inhabitantis” that the adventurers were at length compelled to abandon their 
claims. As a sequel to the struggle between the islanders and the adventurers, the 
island passed out of the hands of the MacLeods into those of the Mackenzies, 
Earls of Seaforth. 

The attraction which Lewis had for “foreigners” was owing largely to its 
excellent fisheries. Hence we find continual exploitation of the waters of the 
Minch by various English companies and, of course, continual quarrels between 
the Scotch and English fishermen. However, the fisheries of Lewis appear now 
to be in a more prosperous condition. 

If the Earls of Seaforth, proprietors of Lewis for two centuries and a half, had 
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not dabbled in politics, the island would have enjoyed greater peace during the 
seventeenth and eighteenth centuries than it actually did. But as the Seaforths 
were, except during the “Forty-Five,” ardent Royalists and Jacobites, Lcwjs 
received the attentions of both Cromwell and the Hanoveiians; the former caused 
several forts to be built there. Mr. Mackenzie provides an interesting chapter 
on the connection between Lewis and the Jacobites. 

The three chapters dealing with the prehistoric remains in Lewis will be of 
great interest to archaeologists. The chief of these is a large group of “Druidical ” 
stones at Callernish. These huge megaliths are a monument of the Stone Age, 
and the author gives an interesting account of their shape and form of arrange¬ 
ment, as well as a list and a criticism of the various conjectures which have been 
made on the subject of their meaning and use. 

Next in antiquarian interest come the “brochs,” or forts, of which Dun 
Carloway is the chief. The author favours the idea that these brochs were built 
by the pre-Celtic inhabitants of Lewis, and denies that the builders were Celts 
or Norsemen, He believes that these pre-Celtic builders were the Firbolgs or 
“ Iberians,” a race whose type may still be seen in Lewis, as well as in other parts 
of the British Isles. 

The last, but by no means the least interesting, of the prehistoric relics of 
Lewis is the “ Isle of Pigmies,” near the Butt of Lewis. On this isle there is a 
small “ kirk.” Inside the “ kirk ” the author found several bones, not, indeed, 
those of pigmies, but of mammals and birds. Yet he is fer from believing that 
the pigmy tradition is entirely founded on mythology. 
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PHIliOSOPET. By Hugh Elliot. 

We have on various occasions pointed out that Philosophy is 
a general name covering a great variety of subjects, concerning 
which our knowledge is in a very primitive condition. As 
soon as we begin to acquire a certain amount of definite know¬ 
ledge about any of these subjects, it usually ceases to be called 
Philosophy, and is incorporated into one of the special sciences, 
or may itself become the subject of a new special science. 
During the last few months, a striking illustration of this 
transition has been furnished by the Principle of Relativity. 
Theories of space and time have always been regarded as 
favourite subjects of controversy among metaphysicians. By 
Science, on the other hand, space and time have been accepted 
as postulates, and the question of their absolute validity roused 
little interest, so long as they afforded a framework sufficiently 
solid to support the edifice of scientific hypotheses. But as 
that edifice continued to grow, it became here and there too 
large for its old framework. Adjustments had to be made ; 
and it has been found very much simpler to modify the frame¬ 
work than to modify the building itself. And hence for the 
first time the attention of men of science has been directed 
towards scrutinising those fundamental postulates, which had 
previously been accepted just because they were found to 
work. But when they were no longer found to work, they had 
to be altered ; and the character of the alteration to be made 
was determined by the usual scientific methods of observation 
and experiment—^by predictions which would either verify or 
falsify the new hypothesis. And thus at length, space and 
time have been incorporated into the science of Ph37sics, and 
removed from the quagmire of philosophy, where they had 
been left behind when Physics itself was emancipated by 
Newton more than two hundred years ago. Such titles as 
“ Natural Philosophy," The Philosophical Transactions, still 
indicate the parentage of the science of Physics. The emanci¬ 
pation, however, was not complete; Newton still left some 
work for Einstein to perform. 

It is true that certain parts of the doctrine of Relativity 
had been anticipated in the discussions of philosophers. It 
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has lately been pointed out that Descartes three hundred years 
ago did sketch out a theory having some sort of crude resem¬ 
blance to the theory of Einstein. The contention is true, and 
it is far more than mere chance. Descartes possessed an 
intellectual power which does not arise more than once in 
several generations ; his penetration into natural phenomena 
may almost be described as superhuman. But the contention 
nevertheless does not bear out the conclusions for which it 
was brought—namely, to justify the methods of metaphysics. 
For Descartes’ mind embraced, not merely all the metaphysics 
of his time, but all the science of his time as well, in so far 
as Science was differentiated from Philosophy. He was a 
distinguished mathematician; he was also a distinguished 
ph^iologist, and very clearly set forth the doctrine of physio¬ 
logical automatism which only came into general recognition 
in the nineteenth century. So far from the prevision of 
Descartes furnishing an argument for the validity of meta¬ 
physical methods, it presents an additional proof of their 
invalidity. For three hundred years, metaphysicians have 
had before them Descartes’ adumbration of a true theory; 
for three hundred years they have operated upon it by meta¬ 
physical methods ; and in all that time have not succeeded in 
advancing it one whit. Even with a rough approximation to 
truth before them, they can make nothing of it. But as 
soon as the man of science comes in with experimental methods, 
truth begins to appear, even to those who had not the previous 
advantage of studying the first approximation. Ten years of 
physics have given results which could not have been reached 
at the previous rate of progress in a thousand years of meta¬ 
physics. 

A philosophic reviewer is not called upon for an opinion 
as to whether Einstein’s theory is true, or whether parts of 
it are true, or adumbrations of the truth. He has only to note 
its philosophical bearings. Principal among these is that it 
does remove theories of space and time from the ambiguous 
and temporary position which they occupied as a branch of 
metaphysics. They are brought definitely into science, and 
linked up with the rest of our knowledge about the universe. 
And the same is true of Gravitation, which has hitherto occu¬ 
pied an anomalous and isolated position. All these are brought 
by Einstein into the sphere of science. 

It has, however, been objected to on the ground that it 
is itself metaphysical in tendency; and that by certain meta¬ 
physicians it has been received with obvious acclamation. But 
too much importance need not be attached to this latter point. 
Metaph3rsicians generally tend to favour any theory in pro¬ 
portion to its obscurity; and the principle of Relativity presents 



RECENT ADVANCES IN SCIENCE 535 

to them just that kind of primA facie absurdity which would 
naturally commend it to their belief. 

The apparent absurdity, however, is due merely to un¬ 
familiarity, An uncultivated person finds it hard enough to 
believe that the earth, apparently so still and solid, is really 
in rapid motion, on its own axis, round the sun, and also with the 
rest of the solar system in a straight line tlurough space. If 
there were no outside standard of comparison, the notion of 
itself would be exceedingly difficult to grasp. The earth would 
be regarded in all matters as the general standard of rest; 
movement would always mean movement relative to the earth, 
and in the absence of any wider conception, movement would 
thus appear to have an absolute value. So it now is %vith 
regard to space and time. The only standard of space and time 
hitherto known to us has been that prevalent on the earth; 
and accordingly they have appeared to be absolute and universal 
in nature. But at length an outside standard of comparison 
has been discovered; and it is seen that our ideas of space and 
time, formed by experience of the space and time upon the 
earth, are no more absolute than are the ideas of motion which we 
form by regarding the earth as motionless. We move yet a step 
further from the anthropocentricity of primitive thought, where 
ever3rthing is judged by the standards of our own immediate 
outlook. We, after all, are not the centre of the universe ; our 
earth is not the standard of absolute rest; nor are our own 
space and time absolute properties of the entire universe. 

The Principle of Relativity seems, therefore, to be in no way 
opposed to the spirit of science as hitherto conceived. On the 
contrary, it brings powerful reinforcement to the doctrine of the 
Uniformity of Law, and the invariability of the laws of nature. 
As stated in its most generalised form, the Principle of Rela¬ 
tivity reads thus: “ Given different groups of observers, some 
of whom are in uniform motion of translation with reference 
to others, the laws of nature are precisely identical for these 
different groups of observers." By pre-relativity standards, 
the laws of nature must have appeared different from these 
different aspects ; a circumstance which might have afforded 
soine points of vantage to critics of scientific materialism, but 
which appears to have escaped their attention. 

A few words must be said of the death of Prof. Ernst Haeckel, 
which took place on August 8, 1919. He passed, as many 
others have done, from medicine to zoology, from zoology to 
philosophy, and from philosophy to discussion of religious 
problems; and it is now largely with regard to the latter 
spheres that he is remembered. The chief influence on his 
life was probably his reading of the Origin of Species in i860. 
He was an immediate convert, and set about to popularise the 
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theory of evolution in Germany, where the rapid progress of 
true ideas was iii no small measure due to his activity. In 
philosoph}' he is chiefly identified with the kind of materialism 
prevailing last century— and with a nioiiisin which, if it appears 
crude and ill-thought-out in these times, was nevertheless a 
great advance on what had gone before. His present unpopu¬ 
larity in England is not altogether well justified. There were 
faults in his view of the universe, no doubt; but a true theory 
cannot be achieved in a day; and it is fairer to eompare his 
philosophy, not with what we know now, but with the philo¬ 
sophy of his contemporaries, whom he attacked. But they 
are past and forgotten altogether. Their views, if revived, 
would excite only a smile; the victory was to Haeckel and 
not to them ; and it is strong testimony to the strength of his 
philosophy that even now it is sufficiently alive to excite serious 
hostility; and that, too, though the public in general would 
much sooner have forgotten him than his antagonists, if they 
could. Science moves step by step ; and it is scarcely gracious 
to attack a man who moved a few steps upwards, merely 
because he did not climb the whole staircase. He accelerated 
the rate of progress; both in zoology and philosophy he did 
work from which others could take their start and continue 
moving forwards. 

Haeckel has also been criticised on account of his very 
embittered attitude towards England during the war. We are 
bound to confess that it was unworthy and even contemptible. 
But let us not forget that he was over eighty when the war 
broke out, and surroimded on every side by violent prejudice 
and emotion. It is not to be expected that the mind of a 
man at that age should retain sufficient strength to stand 
out against the popular storm, and sec things clearly in the 
wild emotional hurricane of war. It is not only more chari¬ 
table, it is far more true, to see in this perversion of judgment 
an inevitable symptom of senility; the senility of an old 
man who had worked out his life in the arduous pursuit of 
science, and defiance of popularity. Had he been a younger 
man, the case would have been different; but so also, if we 
may judge by the whole tenor of his life and opinions, would 
have been his views. Haeckel’s permanent reputation is 
assured as a leader of nineteenth-century thought. 

FTTBE UATSEIUATICS. By Dorothy M. Wrincb, University College, 

London. 

The Proceedings of the London Mathematical Society, series 2, 
vol. i8, part 3, issued in September 1919, is an exceptionally 
interesting number. It contains two long papers, dealing 
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with problems of a very fundamental character, of which a 
somewhat extended notice appears to be called for. The 
first is by W. H. Young, on Series of Bessel Functions. In 
modern developments of mathematical ph3’sics, no series are 
used more extensively, and perhaps no usual series of expansions 
in terms of prescribed functions has been so little treated 
from the point of view of the pure mathematician. Prof. 
Young’s paper raises such series from the level which they 
occupied previously—a level at which the investigator, in the 
absence of definite knowledge of the necessary and sufficient 
conditions for their validity, has in the main been guided 
only by the intuition of the physicist—^to a new level which 
is comparable with that of Fourier series. Prof. Young, in 
fact, has enabled us to transfer bodily a great part of the 
theory of Fourier series directly to expansions in terms of 
Bessel functions. Only Dini has hitherto overcome many 
of the serious anal3rtical difficulties attending the development 
of this type,—^in a sense in which Fourier, Hankel, and others 
have not contributed. We refer to the difiiculties involved 
in the discussion of the region of convergence of such series. 
Other contributors who have dealt in a logical manner with 
special types of such series are Kneser and Hobson. 

Prof. Young had already given a new method, based on 
a theorem in regard to Restricted Fourier series, of discussing 
the expansion of a function/(*) in a series of prescribed functions. 
He developed it more particularly in regard to expansions in 
Legendre polynomials—which were especially suitable in that 
their asymptotic values, for large values of the order, are of a 
trigonometric type, while at the same time, being poly¬ 
nomials, their treatment did not require the use of the complex 
variable. It was clear that the power of the method was not 
in any real sense due to these simplifications and that it was 
capable of equally effective use in other domains. The author 
has selected the Bessel functions for attack in this paper— 
not, as would have been a compelling reason, because of their 
importance in other branches of thought, but because these 
simplifications are no longer present. 

Some of his conclusions are of very wide significance, and, 
taken together, form almost a complete solution of all the 
problems of convergence of any type relating to such series 
at internal points of the interval (0, i). For example, under 
the single condition that the typical term of a Bessel series 
tends to zero, the series may be shown to behave at any such 
internal point precisely like a Fourier series. 

Very important information is contained in the paper relating 
to another fundamental problem in the applications of such 
series. It has usually beep assumed, in such work, that if 
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any individual term satisfies a certain differential equation, 
the function represented by the sum of an infinite number of 
such terms will also satisfy it. Prof. Young proves that such 
a conclusion is valid if the function f{x) has, in the interval 
in which such an equation is to be satisfied, a differential 
coefficient of suitable order, such that the Fourier series of a 
function equal to this differential coefficient in this interval, 
and having any convenient values elsewhere, converges in 
the interval in question. This occurs in particular if the 
differential coefficient has bounded variation. ■ 

Considerable limitations still hold, however, as the author 
points out, in directions, and more especially in other regions 
where the nature of the convergence must be elucidated— 
which are to form the subject of further investigation, and 
on which it is not at first sight clear that the same method is 
readily applicable. But this paper marks a very notable 
advance in the pure theory and the logical basis of many of 
the expansions which are used regularly by the applied mathe¬ 
matician. 

The second paper to which we have referred above and 
which we have already mentioned in Recent Advances (for 
January 1920) is by G. H. Hardy and J. E. Littlcwood, on 
Abel’s theorem and its converse. This paper is intimately 
related to many others by the same authors. The main 
object of the authors is to obtain as far-reaching a generalisation 
as possible of Tauber’s theorem—the converse of Abel's 
well-known theorem relating to power-series, which, with 
Stolz’s generalisation, is described, for instance, in Bromwich’s 
treatise on Infinite Scries. Let the power series be 5 “ or S, 
and let its sum be /(»). Let S be called A, the point »=! 
on the circle of convergence being in question. In describing 
the conclusions of the authors, certain of their abbreviations 
are necessary. Thus (K) may stand for the proposition that 
A is convergent, (L) for the proposition that f{x) tends to A, 
and (0) and (0) for the properties of the coefficients usually 
written as 

».=0(i), a.=c(l) 

Then Abel’s theorem states that (K) implies (L) along a 
path C whi&h is a radius (0, i) of the circle of convergence, 
whereas Stolz’s theorem is the same for a so-called Stolz path. 
The authors have already proved several associated results, 
for example that the theorem is not true for any regular path. 
Tauber’s theorem states that (L) and (0) imply {K) when the 
path (C) is the radius (0,1), and this theorem has been ex¬ 
tended to any Stolz path, whereas it is also known that (L) 
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and (O) imply (K) when the path is the radius, and that ( 0 ) 
and (o) in these statements can in fact be replaced by other 
less restricted conditions of a different form. These are 
perhaps the more interesting results in this difficult subject 
which have been so far completely elucidated, but they are 
not of couree exhaustive. 

The authors begin the new work by an extension of one of 
the theorems above—that (L) and ((?) imply (K) when C is 
the radius (o,i). They show in the first instance that this 
radius can be replaced by a regular Stolz path. The main 
problem undertaken, after this preliminary, concerns the 
condition, which may be called (A), with which it is necessary 
to replace (£) in order to obtain satisfactory results for regular 
paths—that is to say, paths with a continuously turning tangent 
at every point except x = i, and approaching x = i with a 
definite direction. This condition {A) has been elucidated in 
earlier work, and it was already known that [A) and ( 0 ) 
imply (jRT) whenever C is a regular path in this sense. The 
main problem may be described as the removal of this restriction 
to regular paths, and the simultaneous replacement of (o) by 
( 0 ). This problem is solved, but the restrictions on the path 
cannot be removed entirely when the condition (X) is in question, 
though some important corollaries emerge which it is not 
necessary to mention in detail here. The advance made is 
very fundamental and should be a means of stimulating the 
interest of other mathematicians, already growing, in problems 
of this type, 

A side-issue of some considerable interest emerges in con¬ 
nection with the simultaneous convergence of a Fourier series 
and its conjugate or allied series, a matter which is of importance 
in the applications of mathematics, and on which insufficient 
attention is usually bestowed. Such conjugate series are 
defined by the typical terms o, cos nB -f sin nd and 
sin nB — cos nB, derived from the complex (a*, + t/8,) 
exp. inB. 

The same number contains also a note by G. H. Hardy on 
two problems in the analytic theory of numbers, and the 
earlier part of a paper by E. L. Ince on some continued fractions 
of a curious type associated with the hypergeometric equation. 


R. L. Moore, Amer. Journ. of Math. xli. (i9i9)r-pp. 299- 
319, carries on an investigation of the Lee—Reemain—^Helm¬ 
holtz—^Hilbert problem of the foundations of geometry. The 
paper arises from a well-known remark of Poincare, that 
Hilbert’s h3rpotheses are much more general than tho?e of Lee, 
defined ^ou]ps by analytiq equatio,ns._ But Poincard did^ 



S40 SCIENCE PROGRESS 

not regard the position even then as satisfactory. The present 
paper is based on a set of assumptions in terms of the notions 
of point, region, and motion. The space which undergoes 
the transformations (or motions) is not subjected in advance 
to the conviction of being a number plane, and it is not supposed 
in advance that the regions are in one-one correspondence 
with portions of such a plane. Hilbert analysed the group of 
transformations but not the space undergoing them. The 
author’s treatment subjects both to a simultaneous analysis. 

M. E. Cartan, Bulletin de la SocUU Mathimatique de France, 
xlvi. (1919), pp. 84-105, continues his researches on certain 
hypemurfaces in spaces of five and more dimensions. 

M. D’Oeagne, Comptes Rendus, 170 (1920), pp. 16-171, 
discusses the distribution of curvature round a point of a surface, 
in relation to the Meusnier surface associated with the point. 

F. Morley, Amer. Joum. of Math., xli. (1919), pp. 279-283, 
discusses the Liiroth Quartic Curve, starting from Bateman’s 
theorem that the seven points which have the some polar line 
as to a conic and a cubic give rise to a Liiroth quartic. 

A. B. Coble, Amer. Joum. of Math., xli. (1919), pp. 243-266, 
discusses the ten nodes of the Rational Sextic and of the Cayley 
S5rmmetroid. It is proved that the theorem of Conner, in 
the Journal for 1915, regarding the intimate relation between 
the nodes of the Sextic has its analogue with reference to the 
Symmetroid under regular Cremona transformation in space. 

W. P. Milne, Proc. Lond. Maih. Soc. (2) xvii. (1919), pp. 274- 
280, discusses the determinantal systems of Coapolar Triads 
on a cubic curve. The paper is a sequel to one already noticed 
a year ago. 

J. Hodgkinson, Proc. Lond. Math. Soc. (2) xviii. {1919), 
pp. 268-274, discusses a problem of conformal representation. 
The curves dealt with form curvilinear triangles whose sides 
have a real common orthogonal circle, and these are repre¬ 
sented on the half plane of a new complex variable- The 
I>resent paper is designed to elucidate the conditions and 
limitations of validity of the previous analysis. 

P. Boutroux, Comptes Rendus, 170 (1920), pp. 164-166, 
considers further a class of multiform functions associated with 
a differential equation of the first order. The equation is : 

zsi = 2 !)^ + bx + c 

and the functions present an infinite number of branches and 
singularities. The conditions of the formation of these func¬ 
tions are reduced to a simple form. The functions are shown 
to be automorphic in a new type. 

Q. Valvion, Comptes Rendus, 170 (1920), pp. 167-169, 
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discusses the theorem of Picard and the generalisations which 
Borel has made. The theorem relates to the values possible 
to a function in the neighbourhood of an essential singularity 
of an isolated kind, and all previous demonstrations have 
been indirect. The author gives a direct proof when the 
singular point is of finite order. This is capable of extension 
to an infinite order by the method outlined by the author 
in previous notes, and a short exposition of the process is given. 

E. Cotton, Bulletin de la SocilU Mathematique de France, 
xliv. (1919), pp. 69-84, sets up certain criteria for the conver¬ 
gence of infinite series of the form 5 1 a, | where = c, i — c», (Cj.) 
being a set of complex numbers which has (i) a finite limit 
not zero ; (2) the limit zero. 

L. Pomey, Comptes Rendus, 170 (1920), pp. 100-101, 
obtains some interesting theorems relating to Fermat's num¬ 
bers. His starting point is the theorem of Lucas, of 1878, 
on numbers of the form 2” — i. He obtains the necessary 
and sufficient condition that a number of this form should be 
a prime. Three distinct necessary and sufficient conditions 
are proved, of which any one alone will suffice. It is shown 
further that if E = i + 2" is a prime, every prime number 

of type 2" — I, where is an odd multiple of «, is a primi- 

tive root of F. There are further theorems stated of a similar 
nature. 

A. Cunningham, Messenger of Mathematics, xlix. (i) (1919), 
pp. 1-32, discusses the factorisation of (ac" Ty) -r [x =Fy) etc., 
when x-y= i. 

W. H. Young, Proc. Land, Math. Soc. (2) xviii. (1919), 
develops the theory of non-harmonic Fourier series. Only a 
portion of the paper has yet appeared, and a comprehensive 
statement of the results is not yet possible. 

Sir George Greenhill, Phil. Mag. (3) No. 227, 19x9, directs 
attention to a posthumous memoir of Clifford, indicating the 
greater elegance of the Clifford function as against the Bessel 
function ordinarily used. Illustrations are given in relation to 
problems of diffraction, whirling of shafts, stability of towers, 
vibrations of an elastic sphere, and so forth. The paper 
contains some interesting new cases in which the problem of 
lateral vibrations of shafts can be solved in terms of such 
functions. 

H. J. Priestley, Proc. Land. Math. Soc. (2) xviii. (1919), 
pp. 266-268, publishes a note on the values of n which cause 

the function ^ P'” {x) to vanish when x==n. The paper 

contains a proof of a theorem of Carslaw, to the effect that 
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the roots are all real and separate. This theorem is proved 
by a simple method based on the theory of integral equations, 
and is a remarkable instance of the utility of such equations 
in the solution of specific problems. 

E. W. Hobson, Proc. Lond. Math. Soc. (2) xviii. (1919), 
pp. 249-266, discusses Hellinger’s integrals, which occurred, 
in the first instance, in the theory of quadratic forms containing 
an infinite number of variables. Hellinger regarded the 
integrals as a new speejies of limit, but Hahn showed that 
they were reducible to Lebesgue integrals. The pi'csent 
author gives a much simpler method of carrying out this ^ 
reduction, and the results are extended to a wider class of 
cases of which those treated by Hellinger and Hahn arc only 
particular cases. 

H. B. Philips, Amer. Journ. of Math., xli. (1919), pp. 266- 
279, writes on functions of matrices, and studies the functions 
represented by polynomials or convergent senes in a matrix 
or finite number of matrices. As a preliminary, the main 
facts concerning the roots of matrices are developed. 

W. J. Johnston, Proc. Royal Soc., 678, A Vol. 96, pp. 331- 
333> lays dovm a linear associative algebra suitable for the 
discussion of electromagnetic relations and the theory of rela¬ 
tivity. It is based on four fundamental units i, j, k, o, and, 
with the products, itself has sixteen units. The scalar unit 
is commutative with the others, which can receive any inter¬ 
pretation consistent with the distributive and associative 
principles. The vectors i, j, k are ultimately taken as rec¬ 
tangular unit vectors in Euclidean space, and o is perpendicular 
to the other three. 1 he products i, j, i, k, j, etc., can remain 
without interpretation. Sir Joseph Larmor, in the same 
journal, has applied this new algebra to a discussion from a 
new standpoint of the more extended principle of relativity 
as given by Einstein. 

The following is a further selection from recent papers ;— 

Matsusaburo Fujiwara, Science Reports of the Tohoko 
Imperial University, viii. (i) (1Q19), pp. 43 ~S^j generalises 
the Tauberian theorem to cover the case of double series. 

Friedrich Reisz, Potenzreihen mit vorgcschricbencnAugangs- 
licdem, Acta Maihcmatica, xlii. (2) (1919). 

O, E. Glenn, on a new treatment of theorems of finiteness, 
Transactions of the A nterican Mathematical Society, xx,(3)(r9i9). 

E. W. Chittenden, on the theory of developments of an 
abstract class in relation to the calcul functionnel. Transactions 
of the American Mathematical Society, xx. (3) (1919). 

Pierre Humbert, Sur deux Polynomes assoeiiSs aux poly- 
nomes de Legendre, Bulletin de la SociU^ Mathimatique de 
France, xlvi. (1919). 
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Motoji Kunujeda, Note on asymptotic formulse for oscillat¬ 
ing Dirichlet's integrals, Quarterly Journal, xlviii. (2) (1918), 
pp. 113-136; 

Tsuruichi Hayashi, On the analytic function whose modulus 
is a rational integral function of the imaginary part of its 
argument, Science Reports of the Tohoko Imperial University, 
viii. (i) (1919), pp. 17-31- .. 

Matsusaburo Fujiwara, Uber Irrationalitat unendlicher 
Kettenbriiche, Science Reports of the Tohoko Imperial Univer¬ 
sity, viii. (1) (1919), pp. i-io. 

A. Arwin, tJber die Losung der Kongruenz (X-h i)”—X” —i 
= 0 {mod p^), Acta Mathematica, xlii. (2) (1919). 

E. Borel, Sur la Repartition Probable et les Fluctuations 
des Distances Mutuelles d’un Nombre fini de Points, Droites 
et Plans, Bulletin de la SociStS MathSmatique de France, xlvi. 

(1919). 

G. A. Miller, Substitution groups on the terms of symmetric 
polynomials. Quarterly Journal, xlviii. (2) (1918), pp. '147-151. 


APPLIED SEAXSXMATICS. By S. Brodetsky, M.A., Fh.D., 

A.F.R.Ae.S., University, Leeds. 

In his opening address to the Mathematical and Physical Section 
of the British Association meeting at Bournemouth this summer 
{Nahire, 2603 , Sept. 18, 1919, pp. 52-9) Prof. Gray has some 
useful remark to offer on the teaching of dynamics. He con¬ 
siders dynamics to be a physical subject, which should be 
taught in physical departments of Universities, not in mathe¬ 
matical or applied-mathematical departments. His aim is to 
make the teaching of the subject more experimental. Every 
experienced teacher of mechanics will agree with this plea, in 
so far as it involves the introduction of properly devised experi¬ 
ments into every elementary course on djmamics, or indeed 
statics and hydrostatics too. It is surely possible to make 
such a practical course more interesting and more varied than 
the rather dreary set of experiments that the physical student 
is usually made to work through in “ properties of matter.” 
But the time is hardly ripe for the transference of the teaching 
of d3mamics to the physical departments of our Universities. 
The teacher of djmamics is always called upon to give his 
pupils much that is almost purely mathematical; he is often 
forced to supplement their slender stock of algebraical, geo¬ 
metrical, and trigonometrical knowledge. The mathematical 
department is the appropriate place for such teaching. 

Prof. Gray, lays particular stress on a correct appreciation 
of the dynamics of rotation, and desires the learning of dynamics 
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to consist largely in the handling of rotating bodies, so that 
the student might observe and test the laws of precession and 
nutation, and acquire an instinctive appreciation of the results 
of rotational theory. There can be no doubt that Prof. Gray’s 
complaint of the appalling lack of knowledge of the principles 
of rotational dynamics is abundantly justified. Even bona-fide 
students of mechanics know far too little of this subject. The 
traditional treatment and sequence in applied mathematics 
leaves the theory of rotation at a stage that is reached by 
few students, and when reached the theory is presented in a 
form difficult of comprehension by any but the most gifted of 
the remnant. 

The remedy suggested is to do away with the teaching 
which as a beginning contents itself with rectilineal motion. 
Prof. Gray would make the consideration of the manner of 
growth of vectors the main subject of dynamical pedagogy. 
Whilst one is inclined to agree that this would be very desirable 
and advantageous, it is yet doubtful whether such treatment 
is possible with beginners. Ordinary, untutored experience, 
which is what the teacher of elementary dynamics has to deal 
with in the early stages of the course, cannot be worked up at 
once into a scientific theory of rates of variation of directed 
quantities. The simplest and most intelligible scientific 
problems are undoubtedly those on rectilineal motion, and the 
teacher must begin with them. As he proceeds, however, he 
should gradually instil into his pupils a comprehension of 
vectors and their variations, following the valuable suggestions 
offered by Prof. Gray in his Bournemouth address and elsewhere. 

The fact is that the beginner in mechanics is usually ham¬ 
pered by an insufficient equipment of geometrical experience. 
This necessitates the mingling with the strictly d^mamical part 
of the subject—the doctrine of force, work, and energy—of a 
modicum of geometrical doctrine, called kinematics. There is 
a prospect that matters will improve somewhat as the result 
of the popular interest in aerial flight. In ordinary travelling 
the question of relative motion and addition of simultaneous 
motions is not of very immediate importance. A train follows 
a prescribed path, a motor-car is restricted to definite road¬ 
ways, even a ship is not so very dependent on the currents in 
the sea, at least as far as the ordinary passenger is aware. 
With aerial flight matters are not so simple. An unknown 
current in the upper air may be the cause of the ignominious 
failure of an otherwise formidable air-attack by an enemy 
power ; an uncertainty in the direction of the wind may bring 
disaster to a transoceanic flight, whilst the success of such an 
attejpapt is hailed as a marvellous exhibition of piloting skill. 
An interesting account of Air Navigation is given by H. E. 
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Wimperis (Aer. Joum. 1919, xxiii. 445-68), and teachers of 
dynamics should not fail to use the practical problems discussed 
here in order to give additional force and reality to their lessons 
on vectors. Two papers of similar interest have been published 
by L. Dunoyer {Comptes Rendus, 1919, 168 , 726-9, 1102-5). 

If the student finds it difficult to grasp the theory of rota¬ 
tional dynamics, he finds it equally difficult to understand the 
theory of units and dimensions. The elementary treatment of 
mechanics does not admit of the inclusion of an adequate 
theory of dimensions, and the result is that many of our 
students cannot think in any but certain stock units. Thus, 
e.g., accelerations are almost invariably given in ft./sec.* or 
cm./sec.* An acceleration like ten miles an hour each minute 
would be understood by the better class of student after some 
little thought—^but not instinctively. The mental effort be¬ 
comes positively painful when he is asked to apply the idea 
of units to, say, electricity and magnetism, or to the a priori 
discussion of fluid resistance. Many attempts have been made 
recently to render the theory of dimensions clearly and simply— 
with varying success. The subject is discussed by H. Levy 
in his lectinre: “ From Model to Full Scale in Aeronautics ” 
{Aer. Journ. 1919, xxiii. 326-45, 352-6), in which are treated 
also the problems of fluid resistance and of vortex motion in a 
viscous fluid. The theory of dimensions and the value of model 
experiments in aeronautics are also dealt with by L. Bairstow 
in his Wilbur Wright Lecture {Aer. Joum. xxiii., supplement 
to July issue, 1919), whilst in the same journal W. S. Farren 
^ves an account of full-scale experiments on aeroplanes 
(xxiii. 34-72, 1919). The theory of screw propellers based on 
the theory of dimensions and of dynamical similitude is dis¬ 
cussed by Amans {Compies Rendus, 1919,168, 822-5). 

Several papers dealing with motion in a resisting medium 
have been published during the past few months. The approxi¬ 
mate path of a bomb dropped by an aeroplane in horizontal 
flight, valid when the length of the trajectory is about 1,000 
or 2,000 feet, is deduced by E. B. Wilson : “ Note on Bomb 
Trajectories ” {Phys. Rev. (2), 1919, xiii. 305-6), who gives a 
corrective term to be added to the usual parabolic equation 
of the path. Another approximate construction for a resisted 
trajectory consists in combining a parabola for the initial part 
and the highest portion of the path, with a hyperbola for the 
remainder, which, as is well known, is asymptotic to a vertical 
straight line. See M. Risser : “ Sur les formules representatives 
des trajectories ” {Comptes Rmdus, 1919, 168 , 390-2), The 
rigid dynamics of resisted motion is worked out for the “ Two- 
Dimensional Motion of a Plane Lamina in a Resisting Medium,” 
by S. Brodetsky {Proc. Roy. Soc., 1919, 95 , A, 516-32), where 
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it is proved that the " terminal " motion is in the nature of a 
fluctuation about a straight line inclined to the vertical (sec 
also Science Progress, Oct. 1918, p. 185), 

I'he motion of the balloon forms the subject of an elaborate 
investigation by F. Jentzsch-Grafe : “ Zur Mechanik des 
Freiballons ” (Phys. Zeit. 1919, 20, 320-8). After quoting the 
ordinary theory of a body moving under a constant force—^the 
lifting power—and the air resistance, which is taken to vary 
as the square of the speed, the author discusses the steady 
motion upwards, the greatest height attainable by a given 
balloon, and the time taken to reach this height. The tem¬ 
perature effect is also taken into account. The interesting 
remark is added that the results were worked out in 1915 
and used in the German Army. 

Corresponding work on aeroplane motion is contained in 
a series of short papers by A. Rateau {Comptes Rendus, 1919, 
168, 1142-7, 1246-51, 1295-1301 ; 169, 156-61). The theory 
of steady horizontal flight at various altitudes is followed by 
the determination of the greatest height at which such flight 
is possible with a given machine. Then comes an investigation 
of rectilineal climbing and the maximum vertical rate of climb, 
with an application of the theory in a numerical example. 

Bairstow’s Wilbur Wright Lecture, already quoted above, 
is well described by its title: “ Progress of Aviation in the 
War Period : Some Items of Scientific and Technical Interest.” 
In addition to the question of model and full-scale experiments, 
the author discusses the control of aeroplanes and the oscilla¬ 
tions of stable and unstable aeroplanes when left to themselves. 
The reader should also refer to the Technical Report of the 
Advisory Committee for Aeronautics for the year 1913-14, which 
has been recently released for publication, and which contains 
valuable information on theoretical and practical aerodynamics, 
aeroplane control and stability, and other matters of interest 
in the mechanics of the airship and aeroplane. 

The problem of struts id aeroplane construction has already 
been referred to in a former article (Science Progress, July 
1919, p. 15). A marked advance in the mathematical methods 
available for the study of the flexure of beams, the torsion of 
cylinders (as well as the motion of a fluid roimd a cylinder), 
is represented by the paper by L. Bairstow and A. Berry: 

Two-Dimensional Solutions of Poisson’s and Laplace’s Equa¬ 
tions ” {Proc. Roy. Soc., 1919. 95 , A, 457-75). The method of 
the paper depends on the well-known hydrodynamical theorem 
that “ any irrotational acyclic motion can be reproduced by 
an appropriate choice of simple sources romid the fixed boun¬ 
daries.” This is essentially a theorem in pure mathematics, 
which can be interpreted in terms of elasticity as well as of 
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hydrodynamics. The mathematical treatment by Berry is 
applied by Bairstow to the discussion of some particular 
problems. Other papers on this and allied subjects are : 

Webb, H. A., and Lvng, E. D., Struts of Conical Taper, Aer^Journ, 1919, xxiii. 
179-86, where it is proved that in the best form of such a strut the cylindrical 
part is one half of the whole length, and the diameter of each end is one half 
of the maximum diameter. 

Cowley, W. L., and Levy, H., Vibration and Strength of Struts and Continuous 
Beams under End Thrusts, Proc. Roy. Soc. 1919, 95 , A, 440-57, the results of 
which are applicable to the wing spar of an aeroplane in actual flight, with a 
throbbing engine. 

LE CocQ, G. L., Sur une propridte tr^s gendrale des cables servant aux transports 
aeriens, Comptes Rendus^ 1919, 168 , 761-4. 

Seegar, M., and Pearson, K., De Saint-Venant Solution for the Flexure of 
Cantilevers of Cross-Section in the form of Complete and Curtate Circular 
Sectoi's, and on the Influence of the Manner of Fixing the Built-in End of the 
Cantilever on its Deflection, Proc. Roy, Soc. 1919, 96 , A, 211-32. 

Mesnager, M., Valours maxima de la tension pr^s de la flice infdrieure d’une 
plaque carree supportant une charge unique concentrde en son centre, 
Comptes Rettdus^ 1919, 168 , 392-5. 

Leblanc, M., Sur les rotations tr^s rapides, ibid. 1919, 169 , 627-33. 

JEFFCOTT, H. H., The Lateral Vibration of Loaded Shafts in the Neighbourhood 
of a Whirling Speed—The Effect of Want of Balance, Pkil, Mag. (6), 1919, 

37,304-14- 

Lees, S,, The Whirling of an Eccentrically-loaded Overhung Shaft, ibid. (6) 

1919.37,515-23- 

Eason, A. B., Critical Speeds of Machinery placed on Upper Floors of Buildings, 
as Related to Vibration, ibid. (6), 1919, 38 , 395-402. 

An aerial trailing from an aeroplane in flight takes up a 
position of relative equilibrium depending on the weight and 
the air resistance. The form is investigated by J. Holling- 
worth : “ On a New Form of Catenary ” (P/itl. Mag. (6), 1919, 
88, 452-63). In its essentials the problem is that of a flexible 
string suspended from a fixed point and in equilibrium under 
its weight and the pressure of a steady wind. The author 
assumes that on each element of the string there acts a normal 
force due to the air resistance, and proportional to the square 
of the normal component of the velocity. The results are 
compared with the observed forms of aerials (in so far as such 
observation is at all possible), and the agreement is not un¬ 
satisfactory. It would be useful to consider other values of 
the normal wind force. The present writer has during the 
last two or three years worked out a number of such cases as 
lecture exercises, and has obtained some really interesting results. 

Sound detection has played an important part in war 
strategy, and is of perennial interest as a means of safety at 
sea. The subject is investigated by L. V. King: " On the 
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Propagation of Sound in the Free Atmosphere and the Acoustic 
Efficiency of Fog-Signal Machinery. An Account of Experi¬ 
ments carried out at Father Point, Quebec, Sept. 1913 " {Phil. 
Trans. 1919, 218 , A, 211-93). King discusses the theory 
of plane and spherical waves of small amplitude, and the 
propagation of aerial plane waves of finite amplitude. In the 
experimental work use was made of Webster's phonometer, 
described in the Proc. Nat. Acad. Sci. U.S.A., 1919. 

The scientific aspect of sound theory has enjoyed much 
attention. The foremost prominence must be given to C. V. 
Raman's memoir: “ On the Mechanical Theory of the Vibra¬ 
tions of Bowed Strings and of Musical Instruments of the Violin 
Family, with Experimental Verification of the Results " (Pt. I, 
Indian Ass. for the Cult, of Science^ Bull. 15, 1918). A judicious 
combination of theory and experiment is used to elucidate 
the nature of the vibrations of the violin. The equations of 
motion are written down and solved for the strings and the 
bridge respectively. The effect of the mute is investigated 
by means of placing loads at various points, whilst the effect 
is discussed of variations in the method of using the bow. 

Further papers on sound instruments and theory of vibrations are: 

Webster, A. G., Acoustical Impedance, and the Theory of Homs and of the 
Phonograph, Proc. Nat. Acad. Sci. U.S.A. 1919,6, 275-82, where the author 
solves the equations of motidn for the air in narrow channels of various shapes. 
The results were used in designing horns for use in the war. 

FoCH, A,, Three papers on channels containing air pockets, Comptes Rendus^ 
1919, 169 , 502-5, 569-71, 687-90. 

BanERJI, S., On the Vibration of Elastic Shells Partly Filled with Liquid, Pkys. 
Rev. (2), 1919, xiii. 171-88. Three shapes of shell are discussed: hemi¬ 
spherical cup, cylinder with flat base, conical cup. 

Barton, E. H., and Browning, H. M., Mechanical “Resonators ” under Double 
Forcing, Phil. Mag. (6), 1919, 37 , 453-5, in which the authors discuss an 
analogy of the resonance theory of audition. 

De\% a., a New Method for the Absolute Determination of Frequency, with 
Preface and Appendix by C. V. Raman, Proc. Roy. Soc. 1919, 95 , A, 533-45, 
based on the maintenance of sub-synchronous frequency in a pendulum by 
means of a periodic field of force (see Phil. Mag.^ Jan, 1915, August 1917). 
Rayleigh, Lord, Two papers on random vibrations, and unit vibrations with 
random phases, ibid. (6), 1919, 37 , 321-47,498-515. 

Meteorology has been receiving increased attention from experimentalists as 
well as from applied mathematicians. The following papers should be noted : 

Hildebrandsson. H. H., Reflexions prdliminaires sur les mouvements gdndraux 
de Fatmosph^re, Comptes Rendus^ 1919, 168 , 593-8. 

Brazier, C. E., Influence de la distribution verticale de temperature sur les 
vitesses du vent mesurdes an voisinage du sd, ibid.^ 1919,1%, 1160-1. It is 
shown that the ratio wind velocity/gradient of pressure is affected by the 
vertical temperature distribution. 
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Jeffreys, H., On the Relation between Wind and Distribution of Pressure, Pror. 
Roy. Sac. 1919, 96 , A, 233-49. 

Rayleigh. Lord, The Travelling Cyclone, PkiL '6}, 1919, 38 , 420-4. 
Jeffreys, K., On Travelling Atmospheric Disturbances, ibid. 1919, 37 , 
i-S. An explanation is suggested for the conspicuousness of the cyclonic 
type of disturbance, other types being dissipated before they can be observed. 

The following additional papers have been published recently: 

Potential Theory. 

Sen, N. R,, On the Potential of Uniform and Heterogeneous Elliptic Cylinders at 
an External Point, Phil. Mag. (6), 1919, 38 , 465-79. 

Prasad, J., On a Peculiarity of the Normal Component of the Attraction due to 
Certain Surface Distributions, ibid. (6), 1918, 36 , 475-6. 

Veronnet, a., Figures ellipsoidales d’equilibre d^un liquide en rotation, variation 
du grand axe, Co7nptes Rendus^ 1919, 169 , 338-31. 

Jeans, J. H., The Configuration of Rotating Compressible Masses, Phil. Tra7is. 
218 , A, 157-210. 

MacMahon, P. a., and Darling, H. B. C., Contribution to the Theory of 
Attraction when the Force Varies as any Power of the Distance, Proc^ Roy^ 
Soc. 1919, 95 , A, 390. 

Levy, P., Sur la generalisation de ^equation de Laplace dans le domaine 
fonctionnel, Comptes Rendus^ 1919,168, 752-5. 

Dynamics. 

Galitzin, B,, An Apparatus for the Direct Determination of Acceleration, Proc. 
Roy. Soc. 1919, 95 , A, 492-507. 

Auclair and Boyer-Guillon, Sur un acceierographe, Co^npies Rendus^ 1919, 
169 , 24-6. 

Andrade, J., La pesee d’un frottement pendant le glissement reiatif des deux 
solides en contact, ibid. 1919, 169 , 638-9. 

Southerns, L., The Double Suspension Mirror, Phil. Mag-. (6), 191S, 36 , 477-86. 
Morton, W. B„ Note on the ^Motion of a Simple Pendulum after the String has 
become Slack, ibid. (6), 1919, 37 ,280-4. 

Emch, a., On Closed Curves described by a Spherical Pendulum, TohSku Math. 
Joum. 1919, 15 , 146-65. 

Longdon, A. C., On the Irregularities of ]Motionofthe Foucault Pendulum, Phys, 
Rev. (3), 1919, xiii. 241-58. 

Epstein, P. S., Bemerkungen zur Frage der Quantelung des Kreisels, Phys. Zeit^ 
1919, 20, 289-94. 

Lorentz, H., Kurze Ableitung der Bewegungsgleichungen des Kreisels, ibid. 
1919, 20, 394-6. 

Richards, H. C., The Motion of a Rotating Projectile, Phys. Rev. (2), 1919, xiv, 
198-9. 

Andover, H., Sur le developpement d’une fonction tr^s generale du rayon 
vecteur et de Tanomalie excentrique dans le mouvement elliptique, Comptes 
RenduSy 1919, 169 , 315-7. 

Bourget, H., Developpement algebrique de la partie principale de la fonction 
perturbatrice suivant la mdthode de Cauchy, ibid. 1919, 168 ,83-5. 

Chazy, J., Remarque sur les probl^es des deux corps et des trois corps, ibid. 

1919* 168 , S1-3. 

36 
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Chazy, J., Sur les solutions du probleme des trois corps ou les trois corps formant 
un triangle isoscele, iMd. 1919, 169 , 526-9. 

Ogura, K., Trajectories in the Irreversible Field of Force on a Surface, ToMku 
Math. Journ, 1919, 15 , 261-77. 

Ogura, K., A Remark on the Dynamical System with two Degrees of Freedom, 
ibid. 1919,16, 181-3. 

WiESNER, S., Ubergewisse an den Bewegungsgleichungen durchgefuhrte Elimina- 
tionen, Phys. Zeit 1919, 20 , 346-8. 

Elasticity. 

Mesnager, M., Sur un cas de simplification des formules de M. Boussinesq. 
Comptes PenduSy 1919, 168 , 156-8. 

Platrier, C., Sur les efforts interieurs dans un corps homog^ne isotrope en 
^quilibre dlastique, ibid. 1919,169, 378-80. 

Platrier, C., Sur Tequilibre ^lastique d’un corps de revolution homogfene isotrope 
soumis k des forces rayonnantes, soit proportionnelles, soit inversement 
proportionnelles au rayon, ibid. 1919,169, 169-71. 

Gwyther, R. F., The Equations for Material Stresses, and their Formal Solution, 
Phil. Mag. (6), 1919, 37 . 

Walker, G. W., Surface Reflexion of Earthquake Waves, Phil. Trans.^ 1919, 
218 , A, 373 - 93 - 

SOMIGLIANI, C., Sur la thdorie des ondes sismiques, Compter Rendus^ 1919, 168 , 
108-11. 

Hydrod3niamic8. 

Cotton, E., Sur la formule de Bernoulli, ibid. 1919, 168 , 547 “ 9 - 

Faure, E., Sur la force gyroscopique des fiuides, ibid. 1919, 168 , 395~8. 

Lecornu, L., Sur les tourbillons d’une veine fluide, ibid. 1919, 168 , 923-6. 

KOLOSSOF, J., Sur le mouvement d’un solide dans un liquide indefini, ibid. 1919, 

169 ,685-7. 

Havelock, T. H-, Wave Resistance; Some Cases of Three-Dimensional Fluid 
Motion, Proc. Roy. Soc. 1919, 95 , A, 354-65. 

Richardson, A. R., Stream-line Flow from a Disturbed Area, Phil. Mag. (6), 
1919, 38 , 433 - 53 - 

Petot, a., Sur la thcorie analytique des turbines hydrauliques, Comptes Rendus^ 
1919,168,600-3. 

Lecornu, L., Sur r^coulement des fiuides, ibid. 1919, 168 ,481-4. 

Burgers, J. M., A Proposed Hydraulic Experiment, Phil. Mag. ( 6 ), 1919,37, 595. 

Coster, D., The Rotational Oscillation of a Cylinder in a Viscous Liquid, ibid. 
(6), 1919, 37 , 587-94. 

Claude, G., Sur une application nouvelle de la viscosity, Comptes Rendus^ 1919, 
168 , 274-6. 

Gerlach, W., Notitz zur Frage nach der Giiltigkeit des Stokesschen Gesetzes, 
Phys. Zeit. 1919, 20 , 298-9. 

Rateau, A., Three papers on the escape of gas from a vessel, Comptes Rendus, 
1919,168,330-5,435-9, 581-7. 

Rey, j., Propridtds physiques de la vapeur de pdtrole, ibid. 1919, 168 , 509-13. 

Rey, j., Sur Pdcoulement de la vapeur de ptoole, ibid. 1919, 168 ,1092-5. 

JOUQUET and Cruseaux, Sur la cdleritd des ddflagrations, ibid. 1919, 168 , 820-2. 

Jouquet, E., Sur un probleme d’hydraulique gdn^ralisde. ^coulement d*un 
m€La:Dge gazeux en combustion, ibid. 1919,169, 326-8. 
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ASTSOITOUY. By H SpE.ccE''v-Jovx.a MV B Sc , The Royal Obseiva- 

tory, Greenwich 

The Generalised Thcofy nf Relativity. —^At the time uf writing 
these notes, Einstein’s generalised theory continues to be 
much discussed not only in scientific periodicals, but also in 
articles in several of the monthlj' re\-iew 3 and in the daily 
Press. Of the popular presentations of views for and against, 
mention may be made of articles by’- Prof. Eddington in the 
Contemporary Review for December last, and by Sir Oliver 
Lodge, in the Nineteenth Century for December, and the Fort¬ 
nightly Review for January'; also a series of three articles in 
the Times Educational Supplemeni for 1920, Januar3* 22, 
January 29, and February 5, by H. Wildon Carr, F. A. Linde- 
mann, and A. N. Whitehead respectively. Those yyho require 
an account of the theory, freed from mathematics as far as 
that is possible, and of arguments in favour of or against 
it, may be referred to the Monthly Notices of the R.A.S. for 
December 1919, in which is given in full the report of a dis¬ 
cussion on the theory held at the December meeting of the 
Royal Astronomical Societj*. A discussion on the theory was 
also held at the meeting of the Royal Society on February 5, 
1920, for an account of which reference should be made to the 
Proceedings of the R.S. A studj- of the opening address by 
J. H. Jeans may be particulairly recommended to those inter¬ 
ested. The best available summary of the mathematical 
theory at present available in English is the “ Report on the 
Relati-yity Theory of Gra-vitation,” by Prof. Eddington, pub¬ 
lished for the Physical Society of London by the Fleetway 
Press, 1918 (price 6s. net, or in cloth, 8s. 6 d.). This report 
naturally gives an account of the theory in a very compressed 
form, and is by no means easy reading. The Cambridge 
University Press have announced the forthcoming publication 
of a translation of a work by Prof. Freundlich on the “ Founda¬ 
tions of Einstein’s Theory of Gravitation.” Prof. Freimdlich, 
it may be mentioned, had proceeded to the Crimea in August 
1914 to test the existence of the displacement of light raj's in 
the gravitational field of the sun by taking photographs at the 
total solar eclijjse in that month. At that time, the generalised 
theory of relativity had not been developed, and the only pos¬ 
sible results anticipated were either a nil result, or the New¬ 
tonian deflection of o"'S7 at the limb. The outbreak of -war 
prevented Freundlich making any observations, as he and the 
other German observers were interned for a while by the 
Russian Government. 

The weak point in the position of the opponents of the 
theory, of whom Sir Oliver Lodge is the protagonist, is that 
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no theon* or hj’pothesis has been put forward by them which 
is capable of explaining at one and the same time, not only the 
motion of the perihelion of Mercury, but also the deflection of 
light rays in a gravitational field. It is easy to put forward 
possible alternative explanations of the latter phenomenon, 
but then these “ explanations ” are merely qualitative, and 
are not quantitative predictions, as was Einstein’s : further, 
they leave unexplained the movement of Mercury’s perihelion, 
which has long remained an outstanding anomaly in gravi¬ 
tational astronomy, and of which Einstein’s theory alone 
gives a rational explanation. Other theories to account for 
this anomaly have, indeed, been previously put forward, but in 
no instance were they convincing. A few hsqjotheses have been 
put forward which have appeared qualitatively to explain both 
phenomena; thus Sir Oliver Lodge has suggested that the 
dielectric constant of the aether may have a value in the 
neighbourhood of the sun (or other matter) different from 
that in free space. Prof. Lindemann has pointed out, however 
{Observatory, 48 , 42, 1920), that the value deduced from the 
motion of the perihelion of Mercury is K = 6, whilst that 
deduced from the deviation of light from the stars is K = 4. 
The two results are mutually inconsistent. In a similar way 
do other explainations fall to the ground. 

It may be objected that, in spite of the ability of Einstein’s 
theory to account for the motion of Mercury and the deflec¬ 
tion of light rays in a gravitational field, the spectroscopic 
evidence is against it. The position as regards the existence 
or not of a displacement of solar spectral lines towards the red 
is at present somewhat peculiar. As far as observation is 
concerned, it may be stated that the existence of the shift 
has been neither definitely proved nor disproved, although 
the balance of evidence appears against it. The spectro- 
scopists at the Mount Wilson Observatory and elsewhere are 
doubtless busy at the present time collecting further evidence 
on this matter. Theoretically there are several interesting 
possibilities; Sir Joseph Larmor {Proc. R. S., ser. A, 96 , 360, 
1919) considers that Einstein’s theory does not require a 
spectral displacement, and Cuimingham {Nature, 104 39S, 
1919) is inclined to support this conclusion. The question is 
very carefully discussed by Prof. Eddington in his Report re¬ 
ferred to above, and he decides that there is “ little chance 
of evading the conclusion that a displacement of the Fraun¬ 
hofer lines is a necessary and fundamental condition for the 
acceptance of Einstein’s theor3r; and that if it is really non¬ 
existent, under conditions which strictly accord with those 
here postulated, we should have to reject the whole theory 
constructed on the principle of equivalence.” This agrees 
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with Einstein’s o-wn view as stated in his article in the Tintes, 
Jeans, in the opening address referred to above, considers, 
however, that the difficulty can be avoided by abandoning 
Einstein’s interpretation of ds, the fundamental invariant of 
the theorj", as a line-element in a distorted space-time con¬ 
tinuum. To the present writer the theory becomes unin¬ 
telligible when this view is adopted. On the other hand, 
on Einstein’s conception of force, a displacement of the solar 
lines of exactly the same amount as required by the generalised 
relativity theory should be expected on Newton’s law of gravi¬ 
tation. Those interested in the matter will find that the 
argument in § 34 of Prof. Eddington’s report holds equally 
well for either law of gravitation, since gu is the same for 
both. The displacement was actually predicted by Einstein 
in 1911, before his generalised theory had been developed. 
The possible existence of the shift, therefore, ceases to some 
extent to be a crucial phenomenon of the theory. If it is 
definitely shown that there is no shift, we should not be free 
from difficulties even accepting New’ton’s law. The situation 
is therefore full of interesting possibilities which must be left 
for the future to unravel. 

The Sources of Stellar Energy .—It is well known that no 
explanation has yet been given of the source of energy in the 
sun (and therefore in any star) which will account for the age 
of the earth, as deduced from geological evidence. The h3^o- 
thesis that the energy is derived from gravitational contraction 
gives an age which is altogether too short ; nor are matters 
improved much when radio-activity is taken into account. 
Various other suggestions have from time to time been ad¬ 
vanced, but none has yet been found capable of providing a 
satisfactory explanation. The various possibilities are dis¬ 
cussed in a suggestive manner by Prof. H. N. Russell in Pud. 
Ast. Soc. Pac., 31 , 205, 1919. 

The suggestion has been put forward that the rate of radia¬ 
tion from a hot body to space is considerably less than it 
would be to a material enclosiure at the absolute zero. Russell, 
however, using the Smithsonian Institution data relative to the 
amount of energy received by the earth from the sun, shows 
that the earth radiates heat to space at a rate which is cer¬ 
tainly not much less than the rate at which it would radiate 
to a material enclosure at absolute zero. On the other hand, 
the ratio required to reconcile the probable age of the sun 
with a purely gravitational supply of energy is of the order 
of only O'oo i. It is improbable that the difference in behaviour 
is attributable to any appreciable extent to the difference in 
wave-length of the emitted radiation, and it is therefore con¬ 
cluded that the sun and stars have actually radiated many 
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times more energy than would be liberated by their gravi¬ 
tational contraction. 

It follows that there exists within the stars some unknown 
source of energy of enormous magnitude which continually 
supplies the heat lost by radiation. Russell points out that 
the process of transformation of this energy must satisfy the 
following conditions : 

(1) It must generate heat in the interiors of the stars, but 
little or none in the earth or under laboratory conditions. 

(2) Since the stars are in general very stable, it must not 
be liable to accelerate its rate so as to end in an explosive 
catastrophe. 

(3) It must be regulated in such a way as to supply heat 
to each star at almost exactly the rate at which the star radiates 
heat to space, so ensuring that the rate of transformation is 
slow, as we know to be the case from the slowness of stellar 
evolution. 

(4) It must ultimately die down so that a stage will finally 
result in which the radiation is very slow. 

(5) Since the “ dwarf ” stage of a star’s life is very long, a 
sufficient amount of energy must be available even in the 
later stages to permit them to be of long duration. 

Russell points out that (i) indicates a source of energy 
liberated only under the extreme conditions of temperature 
or pressure prevailing in a star; (4) suggests that the store 
is limited, and that the rate of transformation falls off as the 
remaining supply diminishes : complete exhaustion would be 
approached gradually, thus satisfying (5). 

Conditions (2) and (3) can be satisfied as follows : the 
star at first is a diffuse mass of gas at comparatively low tem¬ 
perature. It contracts rapidly with loss of heat, but, accord¬ 
ing to Lane’s law, with rise of temperature, until at length the 
unknown supply of energy begins to be liberated. The rate 
of contraction then slows down ; but the rate of radiation of 
energy, which Eddington has shown to be determined mainly 
by the mass and opacity, scarcely changes. The temperature 
continues to increase, and with it the rate of supply of energy 
from the unknown source. A stage at length arrives at which 
this rate balances the loss due to radiation, and the contrac¬ 
tion is then checked. What then happens ? Will the tem¬ 
perature go on increasing^ with the further supply until at 
length there is an explosion? Russell points out that this 
cannot be so because the specific heat of a gaseous star is 
negative. When heat is added to it, it expands and the tem¬ 
perature falls. Thus the further supply of heat reduces the 
temperature!, and therefore the rate of supply from the un¬ 
known source. On the other hand, if the supply begins to be 



RECENT ADVANCES IN SCIENCE S55 

insufEcient, the star will contract, causing the temperature to 
rise and the supply to be increased. Conditions are therefore 
stable, and a practically steady state results with a very slow 
rate of evolution, the star shrinking only as the unsown 
source exhausts itself. This corresponds to the slow evolu¬ 
tion of the star through the various spectral types in the 
giant stage. In the dwarf stages, the temperature and rate 
of radiation are both decreasing, and less and less energy is 
required to maintain the steady state. 

This hypothesis offers an easy explanation of two astro- 
physical facts which are otherwise difficult to account for. 
One is the abrupt commencement of the spectral series with 
the highly luminous giant stars of type M, and the remarkable 
infrequency of the very red giants. This is explained if it is 
supposed that the temperature is not sufficiently high for the 
unknown source of energy to come into play until type M is 
reached. The earlier stages would therefore be passed through 
very quickly, and so few stars would at any time be found in 
them. Subsequent stages might endure for millions of years. 
The second fact is the maintenance of variability of the Cepheid 
type. It is fairly generally accepted that the cause of the 
variation is some form of pulsation in the star. Eddington 
has shown that such pulsations would be rapidly damped out 
by the leakage of heat from the hotter to the colder regions of 
the star’s interior. Russell’s hypothesis would, however, 
supply heat to the interior at the greatest rate where it is 
hottest, and so would tend to make good the leakage. The 
liberation of heat would then take place when the star was 
smallest and hottest, and would be periodic. 

Prof. Russell does not speculate as to the nature of the 
supposed source of energy, but it will be apparent that, if a 
source could be found which would satisfy the conditions 
postulated, we should be provided with a rational explanation 
of the source of stellar energy which is not incompatible with 
the accepted age of the sun. Prof. Eddington {Observaioryy 
48, 375, 1919) has suggested, as a possible source, the destruc¬ 
tion of electrons by mutual annihilation at high temperatures. 

The following are some of the more important papers re¬ 
cently pubUshed: 

Rbfsou}, J. a., Fiiedzidx Wilhelm Bessel, Ast. Nach., igig, Bd. 2zo, Nos. 
5027“8. 

Wanacb, B., Die Chandlerscbe imd die Newcombstdie Periode der Polbe- 
w^ung, ZenifalbureoM der IvU. Etdmessung {Nette Edge der Veriff.), 
1919, No. 34. 

WiLEEMS, A., Eine Methode der Bahnbestimmimg fGr aJle Exsentcizitaten. 
Ast, Nach., 1919. Bd. 210, Nos. 5022-3. 
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SxaoMGREN, E., A New Class of Periodic Solutions in the General Problem 
of Three Bodies, viz in the Problem of Three Bodies with all Masses 
and all Distances of the Same Order of Magnitude, M.iST., R.A,S., 1919, 
80 , 12. 

Plummer, H. C., On the Elliptidties of the Maclaurin Ellipsoids, 

R.A.S,, 1919, 80 , 26. 

Bell, H., A Proposal to Construct New Tables for finding Position Lines 
at Sea, M.N., R.A.S,, 1919* 80 , 72. 

CoNRADY, A. E., The Five Aberrations of Lens-systems, M.N., R.AS., 

1919, 80 , 7S* 

Pettit, E., The Great Eruptive Prominences of May 29 and July 15, 1919, 
Asfroph, 1919, 60 , 206. 

Evershed, J., The Solar Prominence of May 29, 1919, ilf.N'., R.AS,, 1919, 
80 , 8. 

Harper, W. E., The Orbit of the Spectroscopic Binary Boss 3511, Pub, 
Dom, Obs, Canada, 1919, 4 , No. 14; The Orbit of the Spectroscopic 
Binary 19 L3mcis, ih%d„ No. 15 ; The Orbit of the Spectroscopic Binary, 
h Draconis, ibid.. No. 16. 

Lunt, J., The Radial Velocities of 185 Stars observed at the Cape, Astroph, 
Journ., 1919, 50 , 161; On the Spectrum of 77 Argus, M.N., R.A.S., 
2919, 79 , 621. 

Turner, H. H., and Blagg, Mary A., The Long-Period Variable W Cygni, 
M.N„ R.A,S., 1919, 80 , 41. 

Plummer, H. C., An Analysis of the Magnitude Curves of the Variable 
Stars in Four Clusters, M.N., R.A,S„ 1919, 79 , 639. 

Jordan, F. C., The Colour Changes of Certain Variable Stars of Short 
Period, Astroph. Joum., 1919, 50 , 174. 

Maggini, M., The Eclipsing Binary RR Vulpeculse, and the Evidence of 
Darkening towards the Limb, Astroph, Journ., 1919, 50 , 141. 

Heger, Mary L., The Occurrence of Stationary D-lines of Sodium in the 
Spectroscopic Binaries ^ Scorpii and d Orionis, Lick Ohs, Bulletin, 
1919* 10 , No. 326. 


PBTSZCS, By James Rice, M.A,; University, Liverpool. 

RelaHvity .—In view of the widespread interest t^ken in this 
subject by scientists and general public alike, it may not be 
out of place to give a connected summary of this theory, thus 
linking up and extending the references to it made by Mr. 
Spencer Jones in the last number of Science Progress, and 
by myself in earlier numbers. 

Relativity in its broadest aspect is based on the assumption 
that all measurements and observations reveal only relations 
between the object observed and the obsen'er. In the special 
physical sense, it is based on the complete absence of experi¬ 
mental evidence that any dynamical, optical or electro- 
effects arise from the motion of matter rela;ive to 
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ether or “ space ” (in the absolute sense of the word). This 
has long been recognised in the d3Tiamical sphere, and this 
recognition is implicit in Newtonian dynamics, embracing 
the three laws of motion and law of gravitation. It was the 
repeated failure of optical and electrical experiments to detect 
relative motion to the ether which prompted Einstein, in 
1905, to depart from the method pursued by earlier physicists, 
highly perfected as it had been by Larmor and Lorentz, and 
work out the logical consequences of the following postulate : 

The laws according to which the states of physical systems 
are changing are the same whether the phenomena are referred 
to the system of co-ordinates (S) or to any other system of 
co-ordinates (S') moving uniformly with respect to the former. 

This postulate -was in fact a very broad generalisation of the 
fact that the only motion which gave any positive effects in optical 
experiments was relative motion of matter to matter, of object 
observed to observer. Recently Einstein has extended its scope 
by deleting the word “ uniformly ”; but more of that presently. 

The first application which Einstein made of this postulate 
was to work out the connection between the spatial and tem¬ 
poral measurements of the observers in the system of refer¬ 
ence S, and those in S'. He assumed that the velocity of a 
moving source added nothing to the velocity of light, a well- 
known assumption in earlier work (its opposite being con¬ 
sistent only -with some form of emission theory of light). As, 
according to Relativity, motion of observer to or from a source 
is experimentally indistinguishable from motion of source to 
or from the observer,'it followed that light had the same speed 
to all observers whatever their motion might be relative to 
the source. In support of this deduction, we can appeal to a 
number of experiments made in the nineteenth century, cul¬ 
minating in the famous one carried out in i886 by Michelson 
and Morley, and repeated "with further refinements by Morley 
and Miller in 1905. Such a view cannot, of course, be recon¬ 
ciled wdth the theoiy that light consists in the transmission 
of mechanical or electromagnetic oscillations though a fixed, 
stagnant ether; but the belief entertained in some quarters 
that Relativity is inconsistent "with ethereal transmission in 
some form, appears to have little or no foundation. 

The relations which Einstein worked out are embraced in 
a set of equations arrived at by Lorentz in the first place (but 
interpreted by him in quite a different sense). The S-observers 
measure the time of an event (idealised as instantaneous) to 
be t units of time after a chosen original instant, and the place 
of its occurrence (idealised as a point) to have co-ordinates 
X, y, s, relative to their frame of axes (relatively fixed to them). 
The 5 '-observ®rs record their observations of this event as 
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given by time and space co-ordinates f, x', y', , their axes 

being fixed relative to them. The equations connecting 
these eight quantities are a set of four linear equations. They 
take a simple and sufiiciently general form if the axes OX and 
O'X' have been chosen by the observers to be parallel to their 
line of relative motion and the origins 0 and 0 ' to have coin¬ 
cided at the time t — o for the S-observers, and V = o for 
the S'-observers. 

They become, in that case, 


si = a {x— lit) 

y' =y 
^ = z 

i = a (t — tin) 


X = a {si — u'i)' 

y =y 

z = li 

t = (i — u'si). 


(0 


In these, we have assumed the units of length and time 
to be chosen so that the unit of velocity is the velocity of 
light; the relative velocity of S' to S, as measured by S, is u 
parallel to OX, and of S to S', as measured by S', is u' parallel 
to OX', so that li = — u (the symbol u is, in reality, the 
ratio of the veloci ty in q uesti on to th e velocity of light). The 
quantity a — i /Vi — «* = i/Vi — «'*. 

Three consequences follow from these equations : 

(i) The dimensions of a body are not the same to observers 
for whom it is fixed as to observers for whom it is in motion. 
If the first group measure a len gth in it to be I, the second 
group measure it to be l/a or h/i — ti, if it is parallel to the 
relative motion, and to be / (*.«. the same) if perpendicular. 
That is, bodies are shorter to observers past whom they are 
moving, in a direction parallel to the motion. (The contrac¬ 
tion is, of course, excessively small for usual velocities.) 

(a) Two events occur at a locality. The interval between 
them is measured as t units of time by observers fixed i n this 
locality. This interval will be measured as a i or i/V* — 
units by observers in relative motion to the locality. That 
is, aU periodic mechanisms appear to go slower to observers 
in relative motion to them than to observers at rest relative 
to them. (It is implied, of course, that the mechanisms used 
by S and S' to measure time would s3mchronise perfectl3r if 
aU were at rest to one another, and under direct observation 
by any one observer.) 

(3) An event which occurs at one place is regarded as 
simultaneous with another event which occurs at another 
place by a group of observers. The events will not be regarded 
as simultaneous by any other group of observers who are in 
relative motion to the first group. 

It is this last conclusion which appears to the lay mind as 
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so contrary to “ common sense.” But it should be noted that 
the statement is about two events in different places for which 
the only test of simultaneity or non-simultaneity is the agree¬ 
ment or disagreement of time-marks recorded on different clocks 
at the instants of occurrence. There is nothing in this to con¬ 
tradict any impressions made in the mind of a single observer 
as to the time relations to him of two events that come under 
his own direct observation. 

It is easily derived from the above equations that if a body 
(idealised as a particle) moves from a point P {xys in the S-axes, 
a/y V in the S' axes) to a point Q (x + dx, y + dy, z-\- dz 
in the S axes, xf dxf, etc., in the S') between one instant 
{t for S, t' for S') and another {t -1- dt for S, /' -f d/' for S'), 
then dx, dy, dz and dt are connected with dxf, dy', and dV, by 
the very same equations as before, and hence 

— da? — d^ — da® = dtf^ — dx'^ — dy'® — ds'®. (2) 


Therefore dt/s /1 — o® = di'.V i 

where v and w' are the velocities of the body relative to S and 
S' respectively. If there were observers on the body itself 
so that the body would be fixed in their frame of reference 
(and for them v = o), the ir estimate o f the i nterval would be 
dr, where dr = dfV i — {dt/^) = d/'V'i — »'* (dt/^'). This is 

an element of what is called “ proper ” time for this body. 
To observers on the body supplied with the spatial measure¬ 
ments of S but adopting the “ proper ” time of themselves, 
the velocity would be dx/dr, dy/dr, dz/dr and acceleration 
would be d^xfdrP, d'y/dn?, d?z/d'^. Let us write down as a 
tentative law of motion 


fid?xfd-P=P,\ 
lid?y/d-P=P^ - 

/td»«®/dT®=P,J 


( 3 ) 


P„ P„, P, being components of a vector and u beii^ a fixed 
number for the body. If we now turn to the S' observers, 
they would write the above law as 


ft (Pa? fd-P = P^, and non-similar' 
where = a(P, — u ft 

P^=P, 

P^=P. i 


( 4 ) 


Translated from " proper ” time to times in the sjretem S, 
we would have 

= P, and two similar 


( 5 ) 



560 SCIENCE PROGRESS 

where FX = Px/^)> Pyt P* are components of force. I'his 
law would have the same form in S', viz. : 

^ similar 

if 

( 6 ) 

j8'F.,= ^F, j 

Now in the case of electromagnetic forces, which are believed 
to-day to cover a very wide range of phenomena, equations (6) 
are known to be satisfied by the measures of such forces made 
by observers in different systems of reference, if Maxwell’s 
equations are taken as true. In this region, therefore, we have 
a law of motion which satisfies the principle of Relativity; 
t.e. maintains an invariant form for different systems of refer¬ 
ence. It satisfies Nature also; for in systems for which v is 
smedl, it degenerates to Newton’s law 

and in its wider application it is known to be true in the case 
of high-speed electrons and ;S-particles. Its most obvious 
deduction is the variability of mass; for writing (5) in Newtonian 
form 

K” s) = 

we see that m = — »*, which increases as v in¬ 

creases, and attains an infinite value as v approaches unity, 
Le. the velocity of light. 

•At this point it is natural to ask if to this variation of 
imrtial mass there is a corresponding and proportional change 
in gravitational mass. If there were not, then a body passing 
through a given point near a gravitating mass would experi¬ 
ence the same gravitational force whether moving fast or slow, 
but would not experience the same acceleration, since in the 
first case its inertial mass would be greater. Now, as far as 
Ae most careful experiments can tell us, the acceleration is 
independent of the^ velocity, and so the gravitational force 
must also change with the mass, *.e. with the relative motion 
of the body. Hence gravitational forces should conform to 
Relativity. Were we assured that these forces are of electro- 
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magnetic origin, there would be no difficulty, as mentioned 
above ; but it is a commonplace that gravitation has hitherto 
obstinately withstood any attempt to bring it within the 
electromagnetic scheme. 

It was in 1911 that Einstein published his first work attempt¬ 
ing to bring gravitation into conformity with Relativity, by 
extending the principle so as to cover systems of reference 
in Variable motion to one another for which the postulate 
enunciated above is still supposed to hold. The equations 
connecting the measurements made in one S3rstem of reference 
with those made in another are naturally more complicated 
than the linear ones written above. In fact, from the purely 
mathematical point of view, for any four equations connecting 
x' y' s' i' with x y z t however complex, we could conceive two 
systems of reference whose metrical relations would be formu¬ 
lated in the equations. As ph3rsicists, however, we are con¬ 
cerned solely with such equations of transformation as would 
transform the mathematical equations for some complex 
physical phenomenon when expressed in terms of measure¬ 
ments made in one frame of reference to a simpler mathematical 
form when expressed in terms of measurements made in another 
frame. What Einstein ultimately succeeded in doing {Annalen 
der Pkysik, 1916) was to give a criterion for such transformations 
as are of service to us in the investigation of natural phenomena 
constituting only one portion (but to physicists the vital por¬ 
tion) of all conceivable transformations. The criterion is 
embodied in a group of differential equations which are usually 
referred to as Einstein’s “ law ” of gravitation. One simple 
illustration will give some idea of the application of his method 
to the problem of phenomena in the neighbourhood of a single 
gravitating centre. A group of observers moving in any 
path under the action of the centre would observe that the paths 
of all bodies in their immediate neighbourhood would for the 
time being be straight, because observers and bodies would be 
experiencing the same acceleration towards the centre with 
reference to axes whose origin is at the centre. Of course, 
distant bodies would not be moving in straight paths relative 
to the observers (becau.'se in different parts of the field the 
accelerations are different), and the bodies at the moment 
adjacent would in time separate from the observers and 
lose the property of rectilineair motion relative to them. StOl, 
for proximate bodies the frame of reference natmal to these 
observers is one in which motion is the simplest possible— 
uniform ; and so this frame is equivalent to one in which force 
is absent; i.e. we “ transform away " the gravitation of this 
centre in our immediate neighbourhood by choosing such axes, 
and obtain a very simple equation for an element of an orbit. 
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If we now replace our measures of length and lime bv those 
made by an observer fixed at the centre to whom we are in 
relative motion (using the relativity equations which hold at 
the moment), we get the equation of the orbital element for 
this observer. The integration does not yield the well-known 
equation of the ellipse in polar co-ordinates, viz. : 


but 

where 


//r = I + e cos 0 

l/r = i + e cos (i — n)6 
n = — e*) 


[c is velocity of light; a, T, e semi-axis, period and eccen¬ 
tricity of the approximate ellipse.] 

The smallest value of r, viz. //(r -{- e,), occurs therefore not 
at 0 = o, ZTT, 4<jr, etc., but at 0 = o, — n), —n), 

etc.; t.e. we have a progressive displacement of the perihelion 
by an amount practically equal to w.zw each revolution. The 
calculated amount for Mercury by this formula is 42" per 
century, which just accounts for the well-known Leverrier 
discrepancy. 

Einstein, using the “ principle of equivalence,” also postu¬ 
lates that to the moving observers a ray of light in vacuo also 
has the simplest path in their neighbourhood, viz. straight, 
and shows by the same transformation that it is curved in the 
fixed frame of reference, a result confirmed qualitatively and 
quantitatively by the recent Eclipse expedition. 

There still remains the third crucial test concerning the 
displacement of the solar spectral lines toward the red an 
amount -ooS Angstrom units. Hitherto it has remained un¬ 
confirmed ; but it is only fair to add that, at the moment of 
writing this article, a short note has appeared in NcUure to 
the effect that Einstein, in a private communication to the 
correspondent of Nature, claims that two physicists working 
at Bonn have detected it with certainty. No doubt the work 
will shortly be published, and, if possible, reference to it will 
be made in these notes in the next issue of Science Progress. 


PSTSICAXi CKSmSTBrT. By Prof, W. C. McC. Lewis, M.A., D.Sc., 
University, liverpooL 

Transition of Dry Ammonium Chloride .—The substance, 
ammonium chloride, has had a unique interest for chemists 
for the past ten years or more, owing to the anomalous behaviour 
of its vapour in respect of vapour ;^ressure. Baker showed 
many years ago that thoroughly dned chemical substances 
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were in general very inert, chemically speaking. Thus, ordinary 
ammonium chloride—^to take a particular case—ivhich is not 
dried in the extreme sense of the term, on being vaporised 
is very largely dissociated into ammonia and hydrochloric 
acid. If, on the other hand, the solid is dried with extreme 
care, the vapour does not dissociate sensibly, as Baker showed 
experimentally. (The presence or absence of dissociation is 
shown by the value of the vapour density.) Johnson, in 1908, 
measured the vapour pressure of the undried and dried ammo¬ 
nium chloride and found that the vapour pressures are the 
same, from 212° to 333° C., but that the vapour density of the 
undried material at 333° C. corresponded to 98 per cent, dis¬ 
sociation, whilst that of the dried material at the same tem¬ 
perature and exerting the same pressure corresponds to only 
8 per cent, dissociation. It follows that the partial pressure 
of wwdissociated ammonium chloride vapour in equilibrium 
with the undried solid must be small, whilst that in equilibrium 
with the dried solid accounts for practically the whole observed 
pressure. 

Abegg was the first to call attention to the existence of 
this anomaly, namely, the discrepancy between the two values 
of the partial pressure of the undissociated molecules. If the 
solid material, dried or undried, were the same substance it 
follows necessarily that the vapour pressure of the undissociated 
molecules should be identical likewise. Since this is not the 
case there must be some fundamental difference between the 
two solids. Wegscheider suggested that we are really dealing 
with two allotropic forms of solid ammonium chloride, one of 
them, the unstable one, having a considerably greater pressure 
than the stable one at the same temperature. In the absence 
of water, *.e. in the dried material, according to Wegscheider, 
the transition from one form to the other cannot take place. 
On Wegscheider’s view it is a pure accident that the pressure 
of the undissociated vapour over the dried material is numeri¬ 
cally the same as the total pressure due to NH4CI, NH3, and 
HCl, which exist over the stable form. 

Scheffer, in 1915, actually discovered two allotropic forms 
of solid ammonium chloride, with a transition point at i84’S°C. 
At first sight this looks greatly in favour of Wegscheider's 
view. Scheffer, however, determined the heat of transition, 
and the specific heats of the two forms, and found that the 
heat effect was too small to account for the facts on Weg¬ 
scheider’s h3rpothesis. (There is a well-known relation con¬ 
necting the magnitude of the heat effect with the vapour 
pressure.) Wegscheider’s hypothesis loses, therefore, a ^eat 
deal of its probability. Recently Smith, Eastlack, and Scatch- 
ard (/. Amer. Chem. Soc., 41 , 1961, 1919) have cast still further 
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doubt on the hypothesis by experiments on ammonium chloride 
%vhich had been dried with exceptional care. The new fact 
which this investigation has established is that the really dry 
substance does undergo the Scheffer transition. Wegseheider’s 
hypothesis, therefore, falls to the ground if we identif}'^ his 
allotropic forms with those discovered by Scheffer. What is 
obviously required, as indeed the authors point out, is to make 
simultaneous determinations of vapour density and transition 
points, to see whether a given sample undergoes transition 
and at the same time gives rise to «;idissociated vapour. 

Tlie Chemical Co'nstant .—It is well known that the ther¬ 
modynamic theory of chemical reactions has for its object the 
expression of the equilibrium constant as a function of the 
temperature. The classical theory permits us to calculate 
all the necessary terms with one exception, the integration 
constant. In order to determine this quantity it was necessary 
to make at least one experimental determination of the equilib¬ 
rium constant itself. The great merit of the heat theorem of 
Nemst lies in the fact that it enables us to obtain a value for 
the integration constant without actually measuring the 
equilibrium, provided we have made measurements of the 
vapour pressure of each separate substance at different tempera¬ 
tures. Each single vapour pressure expression contains a term 
called the " chemical constant ” of the substance, and the 
integration constant referred to above in connection with the 
chemical equilibrium is simply the algebraic sum of such 
chemical or individual constants, obtainable from the vapour 
pressure data. 

Attempts have naturally been made to analyse still further 
the chemical or individual constant of any single substance 
with the object of expressing it in a form which shall contain 
a term independent of the nature of the substance and 
another term or terms characteristic of the substance. There 
is, however, difference of opinion regarding the dimensions of 
the chemical constant, one view being that it has the dimensions 
of the logarithm of a pressure, the other that it has the di¬ 
mensions of the logarithm of a pressure divided by a tem¬ 
perature to the power 5/2. The attempt to distinguish between 
these two possibilities has been made recently by Lindemann 
{Phil. Mag., Jan. 1920). It is not possible to enter closely 
into the argument. 

SujBfice it to say that the problem involves a choice between 
two possible values to be ascribed to the atomic heat of a 
monatomic gas in the ne^hbourhood of absolute zero. A 
so-called “ degradation ” theory has been advanced in recent 
yeara,_ according to which the atomic heat of such a gas will 
diminish to zero. The classical theory leads us to expect, 
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on the other hand, that the atomic heat will give a constant 
value (5/2)R. Lindemann points out that the problem may 
be settled provided sufficiently accurate data are obtainable 
for the chemical constant of a number of individual substances. 
Such data are furnished by the work of Egerton {Phil. Mag., 
Jan. 1920), and the results show decisively that the atomic 
heat of a monatomic gas maintains its value (5/2)R down to 
the lowest temperatures. From this it is to be concluded 
that the chemical constant has the dimensions of the logarithm 
of a pressure divided by a temperature to the power 5/2. This 
conclusion is important in that it involves the rejection of the 
“ degradation ” theory of gases at low temperatures, a theory 
upon which considerable stress has been laid in recent years. 


OBGASIC CKEUISTlbT. By P. Haas, D.Sc., PhJ>., University CoUege, 
London. 

In October of last year (Science Progress, 1919, 64 , 
p. 215) reference was made to a paper by Pictet and Cramer on 
the distillation under reduced pressure of egg albumen. Since 
then two other papers have been published by Pictet and his 
pupils on the distillation of sodium stearate and of certain 
glucosides. In the first paper, by Pictet and Potok (Ifelv. Chem. 
Acta, 1919, 2, 501), the authors describe the distillation under 
12-15 mm. of I Isg. of sodium stearate, from which they obtained 
a distillate consisting of a mixture of hydrocarbons such as 
decane, tetradecane, pentadecane, and tetratriacontane, the 
latter in largest quantity. Sodium oleate under similar con¬ 
ditions gave a number of unsaturated hydrocarbons including 
nonylene, decylene, undecylene, and tridecylene. The physical 
properties of the saturated and unsaturated hydrocarbons 
agree with those occurring in Pennsylvanian petroleum, which 
fact is regarded as supporting Engler’s hypothesis of the origin 
of natural petroleum from the fats of marine plants and animals. 
The entire absence of cyclic hydrocarbons and optically active 
naphthenes among the products of distillation, in the author’s 
opinion, points to a different origin for these compounds when 
they occur in natural petroleum, where it is assumed that 
they may be derived firom the decomposition of such substances 
as the resins or terpenes. In the second paper, Pictet and 
Gkiudet {Helv. Chem. Acta, 1919, 2, 698) draw attention to the 
fact that, although the majority of naturally occurring gluco¬ 
sides are Isevojrotatory, they yield glucose on hydrolysis; by 
the distillation imder reduced pressure of salicin, arbutin, 
and phloridzin, the authors have in each case obtained a certain 
quantity of laevoglucosan; since they have also been able to 

37 
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isolate laevoglucosan from these three substances by hydrolysis 
by means of barium hydroxide, they consider that these com¬ 
pounds are in reality derivatives of laevoglucosan, and not of 
glucose. On this hypothesis the constitution of airbutin, 
for example, would be represented as follows : 

OH-CH-CH-OH 

in—o—ci 

(!:h,-oh c!h(oh)-o-c«h*oh 

Reference has already been made in these columns to the 
theory of alcoholic fermentation and to the products formed 
during this complex change (Science Progress, 1919, 
52 and 54 ). In a paper recently published by Neuberg and 
Reinfurth {Berichte, 1919, 52 , [B], 1677) attention is once 
more drawn to the fact that in the presence of sulphites, especi¬ 
ally calcium sulphite, the acetic aldehyde formed as an inter¬ 
mediate product is fixed in form of its bisulphite compound ; 
the available hydrogen, no longer being able to reduce the 
aldehyde, is therefore employed in attacking other substances, 
and glycerol therefore results in practically equimolecular 
proportions to the amount of acetaldehyde produced. Under 
these conditions the fermentation proceeds according to the 
equation 


QHwOs = CH,CHO + C,Hs(OH), + CO„ 

and about 73 and 70 per cent, of the quantities of acetaldehyde 
and gh’-.-erol respectively required by the above equation are 
produced. 

The separation of potato tyrosinase into two constituents 
is described by Haeto {Berichte, 1919, 52 , [B], 2029). By 
filtration this enzyme 3delds a thermolabile residue a-tyrosinase 
and a thermostable filtrate or activator, neither of which alone 
is active, while on reuniting these two substances, the resulting 
mixture regains its original activity. The inactive residue 
can also be rendered active by adding to it an aqueous 
solution of the ash obtained by igniting the juice of potatoes 
expressed with dilute acetic acid. 

A number of papers have recently appeared dealing with 
the colouring-matters of plants. Everest and Hall (/. Soc. 
Dyers, 1919, 85 , 275) have been examining the tinctorial pro¬ 
perties of some anthocyans (glucosides) and their related 
compounds the anthocyanidins, obtained from them on hydro¬ 
lysis. Both classes of compoimds dyed full shades on tannin- 
mordanted cotton from a faintly acid bath, but on wool, 
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mordanted with a metallic oxide, the anthocyans have scarcely 
any tinctorial power, whereas the anthocyanidins dye readily. 
It would thus appear that the tannin mordant acts by virtue 
of the pyxan ring containing basic oxygen ; on the other 
hand, the affinity for the metallic mordant is presumably due 
to the phenolic hydroxyls of the catechol nucleus which, in 
the glucosidic anthocyans, are masked by the sugar residues. 
The shades produced in all cases are very beautiful, but are 
not fast to washing, and are, moreover, very sensitive to acids 
or alkalies. With the object of determining whether chloro¬ 
phyll and carbon dioxide form an additive compound during 
the assimilation of the latter in green leaves, Kremann and 
Schniderschitsch {Monatsk., 1916, 37 , 659) have determined the 
solubility of carbon dioxide in alcohol and in alcoholic solu¬ 
tions of chlorophyll both in the light and in the dark, and 
have found it to be practically the same in all cases ; it is 
concluded that there is therefore no measurable formation of 
an additive compound, and if formed in the living plant, it must 
be in almost unrecognisable quantity. Osterhout (Anter. J. 
Bot., 1918, 5 , 511) describes a simple method of demonstrating 
the production of aldehyde from chlorophyll. A bell-jar was 
lined with filter-paper which had been sprayed with a carbon 
tetrachloride solution of chlorophyll, the solvent being removed 
by evaporation. The filter-paper was moistened with water, 
and the jar was inverted over a small dish of water, sealed 
from the air, and exposed to sunlight. When the paper was 
bleached to a pale green, the •water in the dish gave a positive 
test for aldehydes. The same result was obtained whether 
carbon dioxide was entirely excluded from the air in the jar, 
or whether its concentration was increased to 10 per cent., 
showing that the aldehyde was produced from the chlorophyll 
rather than from the carbon dioxide. Similar results were 
obtained when the chlorophyll was replaced by a number of 
aniline dyes, notably methyl green and iodine green. 


GEOLOGY. By G. W. X-yRRELL, A.R.C.Sc., F.G.S., University, Glasgow. 

Regional and Stratigraphical Geology. —^A considerable amount 
of important work upon British stratigraphy has recently been 
published. Portions of the volume relating to the British 
Isles in the Handbuch der Regionalen Geologie continue to 
appear. Prof. J. W. Gregory deals with the geomorphology 
of Scotland, and the Pre-Cambrian rocks of that country 
(3 Bd., I Abth., 1916, pp. 13-17, 34-42); and Mr. J. Parkinson 
contributes an account of the geology of the Channel Islands 
{ibid., pp. 334 - 40 - 
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Prof. Garwood and Miss Goodyear deal with the Long- 
m3mdian and Silurian of the Old Radnor district, and note an 
algal development in the Woolhope Limestone {Q.J.G.S., 1919, 
74 , pt. I, 1-30); while Mr. L. D. Stamp describes the upper¬ 
most Siluran rocks of the Clun Forest district, and demon¬ 
strates an uninterrupted transition from Upper Silurian through 
Downtoniani to the Old Red Sandstone {Q.J.G.S., 1919, 74, 
pt. 3, 221-46). 

The Coal Measures and Magnesian Limestone of Durham 
are described by C. T. Trechmann and D. Woolacott in two 
papers, that on the Magnesian Limestone being by Dr. Woola¬ 
cott alone {Geol. Mag., 1919, 203-11 ; 452-65 ; 485-98). Mr. 
Linsdall Richardson continues his detailed researches on the 
Jur^sic of the West of England in a paper upon the “ Inferior 
Oolite and Contiguous Deposits of the Crewkerne District, 
Somersetshire” {Q.J.G.S., 1919, 74 , pt. 2, 145-73). Mr. H. J. 
Lowe gives a useful r6sum^ of the lertiary geology of Devon¬ 
shire and Cornwall {Trans. Devon. Assoc, for the Adv. of Science, 
Literature, and Art, 1918, 1, 391-401). 

Knowledge of the regional geology of the North Atlantic- 
i^ctic region has been considerably advanced by the publica¬ 
tion of a group of important papers. The Geological Survey 
of Norway has published a large memoir upon the geology of 
the Kongsberg district, an Archaean region containing impor¬ 
tant silver mines associated with fahlbands believed to be con¬ 
nected with diabase dykes of later age {Norges Geol. Undersok., 
1917. 272, with English summary). 

An attempt has been made by O. Holtedahl to outline the 
probable distribution of land and sea in the North Atlantic 
and Arctic regions during various period of Palaeozoic time 
{Atner. Joum. Sci., 1920, 40 , 1-25). This brings out the re¬ 
markable homology in geological structure, and relative ages 
of folded zones, between eaistern North America and North¬ 
western Europe, although the arramgement of the different 
structural elements is reversed in the two regions. 

Baron de Geer has written what will become a classical 
paper on the tectonic history of Spitsbergen under the too 
modest title of “ The Phjsiographical Evolution of Spits¬ 
bergen ” {Geografiska Annaler, 1919, H. 2, r 61-92). Its scope 
K best indicated in his own words: “ The plan of this paper 
is to describe the main structure-lines of Spitsbergen, its divi¬ 
sion into a Northern Oldlamd and a maurginal horst along the 
west coast. Further, an extended Cretaceous base-level plain, 
a great Tertiary submergence, followed by a late Tertiary re¬ 
elevation of the horst and eastward overfolding of the adjacent 
taW^region; considerable faulting along the west coast and 
the fjorrds, in the latter case proved by measured warpings of 
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intra-fjord blocks, all those dislocations having determined the 
present attitude of the coal horizons. Finally, the coast- and 
fjord-topography of Spitsbergen is compared with that of 
Scandinavia, and conclusions are drawn concerning the probably 
analogous physiographical evolution of Northern Europe and 
the recent land configuration in general.” 

An important paper by K. A. Grdnwall {Medd. om Gron- 
land, 1917, 43 , 511-617) shows that North-eastern Greenland 
possesses a series of marine Upper Carboniferous rocks, which, 
hke those of Spitsbergen, transgress over Lower Carboniferous 
measures of continental character. The rocks were deposited 
in very shallow water, or even m the littoral zone, as shown 
by the presence of fine-grained conglomerates. The brachio- 
pod fauna has a decided Russo-Arctic character, and points to 
an Upper Carboniferous north polar sea stretching from Russia, 
through Spitsbergen, to North Greenland and Arctic North 
America. 

Basing his notes on the work of Thoroddsen and Suess, Mr. 
E. B. Bailey discusses the significance of the volcanic arcs and 
arcuate fractures of Iceland {Geol. Mag., 1919, 466-77) ; and 
suggests that that country “ may well supply a stepping- 
stone between arcuate fractures of the type so familiar in 
Scotland (Glencoe, Skye, Mull), with their accompaniment of 
ring dykes, and the vastly greater Aleutian arc, with its serial 
volcanoes.” 

North American Pre-Cambrian geology is dealt with in the 
three papers noted below (“ The Harricanaw-Turgeon Basin, 
Northern Quebec,” Geol. Survey of Canada, Mem. 109 , 1919, 
p. 84; “ Pre-Cambrian Rocks of South-east Newfoundland,” 
Journ. Geol., 1919, 27 , 449-79; " Some Problems of the Adiron¬ 
dack Pre-Cambrian,” Amer. Joum. Sci., 1919, 48 , 47-68). 

The regional and stratigraphical geology of three widely- 
separated Canadian areas is described in new Geological Survey 
Memoirs (” The Silurian Geology and Faunas of Ontario Penm- 
sula, and Manitoulin and Adjacent Islands,” Mem. Ill, 1919, 
p. 195 ; “ Geology of the Disturbed Belt of South-western 
Alberta,” Mem. 112,1919, p. 71; “ The Mackenzie River Basin,” 
Mem. 108 , 1919, p. 154). 

A bulletin of the Geological Society of America (1918, 29 , 
No. 4) is devoted to a s3nnposium on the geology, palaeontology, 
and palaeogeography of the Antillean region, with Central 
America and Mexico. The titles of the two most general 
papers are quoted (Stanton, T. W., ” Mesozoic History of Mexico, 
Central America, and the West Indies,” pp. 601-6; Vaughan, 
T. W., “ Geologic History of Central America and the West 
Indies during Cenozoic Time,” pp. 615-30). With these should 
be associated T. W, Vaughan’s comprehensive work on ” Fossil 
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Corals from Central America, Cuba, and Porto Rico, with an 
Account of the American Tertiary, Pleistocene, and Recent 
Coral Reefs ” (Smithson. Inst., U.S. Nat. Mus. Bull., 1919, 103 , 
189-524), which is further notable as containing a full state¬ 
ment of Vaughan’s views on coral-reef formation, to be dealt 
with more fully in forthcoming notes. 

Aequinoctia is the name given by Abendanon (Journ. GeoL, 
1919, 87 , 562-78) to an old Palaeozoic continent which ex¬ 
tended over 45 degrees of latitude between South-east Asia and 
the east of Australia. The remains of its nucleus of Archaean 
and Pre-Cambrian rocks are to be found in many of the East 
Indian Islands. The dismemberment of this continent began 
in the Permo-Carboniferous, and continued during the Mesozoic 
and Tertiary. 

Falklandia is a name applied by Clarke (Proc. Nat. Acad. 
Sci., 1919, 5 , 102-3) to a continental land which existed in the 
occidental parts of the Southern Hemisphere during the 
Devonian period, and preceded Gondwanaland and Antarctis. 
The Devonian of these latitudes is a unit both in life and in 
sedimentation. Falklandia traverses, part of Schwarz’s Flabel- 
lites Land, which name is superseded for no very clear reason. 

Dr. W. Howchin’s important work on the “Geology of 
South Australia” (Adelaide, Education Dept., 1918, p. S43), 
and J. C. Branner’s “ Outlines of the Geology of Brazil ” to 
accompany the Geological Map of Brazil (Bull. Geol. Soc. Amer., 
1919, 30 , 189-338), are too comprehensive to comment upon 
profitably in a short paragraph. 

Petrology of Igneous Rocks. —^Dr. N. L. Bowen has replied 
to recent criticism by Prof. Daly relative to his theory of 
differentiation by crystallisation (Joum. Geol. 1919, 87 , 393~ 
43S). He maintains the relative unimportance of syntaxis 
as a factor in producing the known diversity of igneous rocks, 
and denies even the possibility of liquid immiscibility in 
silicate magmas. He accentuates the importance of the 
" straining-out ” process of residual magma at a late stage in 
arystallisation—^filter-press action—^as a factor in differentia¬ 
tion ; and prefers this, combined with ordinary sinking and 
zoning of crystals, to Grout’s convection theory, as an ex¬ 
planation of the differentiation of the Duluth lopolith (see 
Science Progress, Oct. 1919, p. 219). 

_ From the Strathbogie (Aberdeenshire) and Lower Banff¬ 
shire district, H. H. Read describes igneous rocks of two i>etro- 
genetic cycles, separated by an epoch of great earth movement 
which caused the foliation of the Dalradian Series (Geol. Mag., 
PP* 364-71 )■ The magmas have each given rise to a 
series of differentiates, ranging from anchimonomineralic types 
to granites, with various norites and gabbros as dominating 
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members. There is a well-marked similarity in characters 
and sequences between the two magmas, although the simi¬ 
larity does not extend to details. 

Mr. J. F. N. Green has made a comprehensive study of the 
vulcanicity of the Lake District {Proc. Geol. Assoc., 1919, 80 , 
153-82), in which he comes to the conclusion that the special 
features of the lavas and tuffs indicate that they were accumu¬ 
lated on the sea floor probably at a considerable depth. He 
also emphasises the importance of the evanescent gaseous 
and liquid constituents of magmas in producing mineralogical 
and structural modifications of the resulting rocks. 

Mr. J. Morrison presents a notable contribution to Lake 
District petrography in his paper on the Shap minor intrusions 
{Q.J.G.S., 1919, 74 , pt. 2, 116-44). He appeals to a rather 
complicated series of processes, including gravitative differ¬ 
entiation and sjmtaxis, as important factors in producing the 
obseiwed diversity of rock types. 

An interesting study of the basal phases of the great Duluth 
gabbro mass and its contact effects near Gabamichigami Lake, 
Minnesota, has been made by the late Dr. M. L. Nebel {Econ. 
Geol., 1919, 14 , 367-402). He believed that the gabbro had 
contributed material, especially metallic sulphides like those 
of Sudbury, to the metamorphosed rocks. 

According to H. C. Cooke {Geol. Surv. Canada, Mus. Bull., 
No. 30, 1919, p. 48), a large gabbro complex at East Sooke 
(Vancouver Island) consists mainly of olivine-gabbro, with sub¬ 
ordinate quantities of augite-gabbro, anorthosite, and granite, 
disposed in such a way as to indicate gravitative differentiation 
as the geological process concerned in their mutual arrange¬ 
ment. After consolidation the complex was intruded by two 
series of satellitic dykes, gabbro-aplites and granite-aplites, 
in the order given. Hornblendisation by hot solutions took 
place still later along broad shear zones. 

The plutonic mass of Cape Willoughby (South Australia) is 
an adamellite, with minor intrusions of microcline-aplite and 
albitite (Tilley, Trans. Roy. Soc. South Australia, 1919, 48 , 316- 
41). In form it is chonolithic, and is arranged, along with 
other granitic intrusions, parallel to the strike direction of the 
older Palaeozoic folding. According to the same author, cer¬ 
tain quartz-tourmaline nodules in this granite owe their origin 
primarily to pneumatolytic processes pp. 156-65). The 
term pneumatolitk is proposed for nodules resulting from these 
processes. 

The following are further references to recent importantwork: 

Davis, W. M., The Framework of the Earth, Atner. Journ. Sci , 1919. 48 , 

325-41. 
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WTTT.Tg , B., The Discoidal Structure of the Lithosphere, Proc. Nat. Acad. 

Soi., 1919. S, 377-83 • 

Barrel!,, J., The Nature and Bearings of Isostasy, Amev. Jowrn. Set., 1919, 
48 , 281-90 ; The Status of the Theory of Isostasy, ibid., 291-338. 

Cox, A. H., A Report on Magnetic Disturbances in Northamptonshire and 
l,eicestershire, and their Relation to the Geological Structure, Phil, 
Trans., Sex. A., 1919, 219 , 73-135- 

Bryan, K.. The Classification of Springs, Journ. Geol, 1919. 27 , 522-61. 
Gregory, J. W., A Low-Level Glaciated Surface in the Eastern Himalaya, 
Geol. Mag., 1919, pp. 397-406. 

Shaw, E. W., Present Tendencies in Geology—Sedimentation, Journ. 

Washington Acad. Sci., 1919, 9 , 513-21. 

Kindle, E. M., Inequalities of Sedimentation, Journ. Geol., tgig, 27 , 339 - 66 - 
Galloway, J. J.. The Rounding of Grains of Sand by Solution, Amer. Journ. 
Sd., 1919, 47 , 270-80. 

Kindle, E. M., A Neglected Factor in the Rounding of Sand Grains, ibid., 
431 - 4 - 

Wentworth, C. K., A Laboratory and Field Study of Cobble Abrasion, 
Journ. Geol., 1919, 27 , 507-21. 

Giles, A. W., Brecciation in the Niagara Limestone at Rochester, New 
York, Amer. Journ. Sci., 1919. 47 , 349 - 54 - 
Rastall, R. H., The Mineral Composition of the Lower Greensand Strata 
of Eastern En^nd, Geol. Mag., 1919, pp 211-20, 265-72. 


BOTAinr. By E. J. Salisbury, D.Sc., F.L.S., University College, London. 

Anatomy and Cytology. —Several additional species of Mono¬ 
cotyledons exhibiting intrafascicular cambium are recorded 
by Mrs. Arber. These belong to the genera Juncus, Anigozan- 
thos, Narcisstis, Crocus, Iris, Morcea, Sisyrinchium, Carluaofuica, 
and Sdaphila {Ann. Bot.). In the same journal Carter describes 
the detailed structure of the chloroplasts in Chestomorpha, 
Cladophora, and Rkizoclonium. In all cases it appears that these 
form a parietal film, more or less perforated, from which strands 
pass inwards when the cell contents are abundant. 

Worsdell, in an extensive paper dealing with the medullary 
phloem in the stems of the Compositae {Ann. Bot.), concludes 
that here also this is a vestige of a system of medullary 
bundles. These latter are r^arded as having been retained in 
the petioles of certain species such as Inula helmium and 
Petasites officinalis. The feature is attributed to a geoph3rtic 
habit in the ancestors of the group. 

Morphology. —Several interesting papers dealing with the 
marine algae have, during the past year, appeared in the Journal 
of Botany from the pen of Dr. Church. These not only sum¬ 
marise much of the scattered literature, but are also very 
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suggestive. In dealing with the zoid of the Phaeophycese, the 
lateral position of the flagella is regarded as a derived one. 
The anterior is supposed to be a survival of the plankton state, 
which had for its function the vertical traction of the organism 
towards the light. It has been retained, in still-water forms, 
as a means of approximating the gametes, but the flagella tend 
to diminish in size in algse of disturbed water. 

In “ Plankton Phase and Plankton Rate,” the same writer 
brings together the data as to concentration of organisms, 
which are suspended and autotrophic, in the surface of the sea. 
Lohman, in Kiel Bay, estimated this to be from 500,000 to 
2| millions per litre, though the Plymouth data are lower. 
Dr. Church construes the inevitable supposition of autotrophic 
organisms as the first form of life, as indicating the existence 
of a “ Plankton Epoch.” Benthic organisms are compared 
with plankton on the basis of their output of gametes. The 
amount of plankton is possibly determined by the concentration 
of P and N ions, all of which are approximately present in the 
proportion of i in to million. 

Economic. —The application of Botanical Science to 
economic problems has been vigorously prosecuted of recent 
years, especially in the Colonies. Prof. Cocka3me, in New 
Zealand {N.Z. Joum. Agric.), has been investigating the Montane 
Tussock-Grassland, which is dominated by Festuca novce- 
zealandice, but comprises some 250 spp. of flowering plants, of 
which 40 are introduced. Of this large number only a few are 
eaten by the mountain sheep which are here pastured. The 
prevalence of the inedible species is such that much of the area 
only carries one sheep to five acres. . The nutritious species are 
kept in check through grazing by rabbits, and fires likewise favour 
undesirable forms. Danthonia pilosa is the species most to be 
encouraged, as also some introduced plants such as Trifolium 
repens and Dactylis glomerata. Prof. Cocka3nie gives useful 
data obtained experimentally on the relative palatability of 
various species, which showed that sheep preferred Poa pror 
iensis, Dactylis glomerata, Hierochloe redolens, Danthonia semi- 
annularis, Holctis lanatus, and HypocJtosris radicata. This was in 
a mixed pasture with numerous species, most of which (some 
80 spp.) were untouched except by rabbits. 

M. Renouard {La Nature, Oct. 1919) has dealt with the 
textile fibres experimented upon by the Germans during the war 
to replace the imported cotton and jute. Considerable hopes 
were based on the Nettle, and several large companies, one 
with a capital of over 15,000,000 marks, were floated for its 
exploitation. The nettle, however, only yielded 8 to 12 
per cent, of very fine fibre from 20 to 60 mm. in length, 
or about 33 Ib. per acre. The fibres of Broom, as in France, 
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were used to mix with those of Flax, but here again the yield 
was small. Other sources employed were Peat, Pine-needles, 
Cotton Grass, and Typha angustifolia, of which the last was the 
most important. 

Messrs. Rowes & Chittenden {Journ. Roy. Hort. Soc.) sum¬ 
marise the results of experiments at Wisley, on the effect of 
grass on apple-trees, which have now extended over seven 
years. They confirm Pickering’s conclusions. Five varieties 
in grass only yielded 23 apples throughout this period, whilst 
an equivalent number of trees of the same varieties grown in 
cultivated land yielded 811 apples. Trees with grass to wnthin 
ift. 6ins. of the trunk gave an intermediate yield of 185 apples, 
and growth measurements showed the same gradation for the 
three sets of conditions. 

The causes which have led to the failure of regeneration of 
oak woods in Britain have been investigated by A. S. Watt 
{Journ. of Ecology). The results obtained show that the greater 
part of the acorns which fall are destroyed by animals, probably 
mainly, as was suggested by Cobbett {Woodlands, 1825), by 
mice. The conclusions of Hickel are also confirmed, that acorns 
are very susceptible to loss of water, and readily lose their 
viability from this cause. The mortality amongst germinated 
acorns is also shown to be largely the effect of herbivorous 
animals. 

Taxonomy. —^Recent numbers of the Kew Bulletin furnish 
descriptions of a number of new species belonging to the follow¬ 
ing genera : Aconitum, Anisophyllcea, Bradtiaria, Bruguiera, 
Ckrysopogon, Desmodium, Eriocaulon, Erythrina, Indigofera, 
Kalanchoe, Kniphofia, Linociera, Memecylon (5 spp.), Panicum 
(3 spp.), Pimpimlla, Rosa, Rutenbergia, Sarcococca, Schefflera 
(2 spp.), Scyphosyce, Smithia, Sonerila, Vigna. 

In “ Notes from the Royal Botanical Garden, Edinburgh,” 
Prof. Bailey Balfour describes 45 new species of Rhododendron, 
md Hutchinson 13 spp. of the same genus. In the same 
journal, Craib describes 9 new species of Enkianthus, and 11 of 
Primula. 

In the Journal of Botany, new species belonging to the follow¬ 
ing genera are described: Gardenia, Oxyanthus, Atractogyne, 
Pametta, Ratidea (3 spp.), and Randia (Wernham); Chceto- 
carpus and Dendro^cousinsia (Fawcett and Rendle). 

A new genus of fresh-water algse placed in Hydrogastracese 
and termed Umella is recorded by Plajrfair {Proc. Linn. Soc., 
NB. Wales), besides nearly 60 new species and varieties of other 
genera. Numerous species of marine algae from the Pacific 
Coast, chiefly belonging to the M3rxophyceae, have been described 
by Gardner (^m®, Calif. Bot., 1918 and 1919). 

New British Fungi belonging to Hypochnus (2 spp.) and 



RECENT ADVANCES IN SCIENCE 575 

Helotium (Wakefield), Mycena (Pearson), Boydia, n.g. (L. 
Smith), and Empusa (Cotton), are descaribed in Trans. Mycol, 
Soc. 


PLANT PHYSIOLOGY . By Franklin Kidd, D.Sc, Botany School, 
Cambridge. (Plant Physiology Committee) 

Respiration. —Professor Osterhout has recently turned his 
attention to the study of respiration, and a series of papers 
by him and by other workers associated with him under the 
general title of Comparative Studies in Respiratiott are now 
appearing in the Journal of General Physiology (vols. i. and ii.). 
The raison d'etre for this series of studies is to be found in 
the experimental method and apparatus used. These are 
ingenious, and are stated to allow of rapid and continuous 
measurements of extremely small quantities of CO» taken 
in or given out by the plant tissues studied. The outline of 
the method is as follows : a small quantity of tissue is placed 
in a tube containing water and an indicator (and other sub¬ 
stances in solution as the case may be), or the tissue is placed 
in one tube and the indicator in another, a current of air being 
circulated so as to bubble through both solutions. The 
carbon dioxide evolved by the plant causes an increase in H-ion 
concentration and consequently a change in the colour of the 
indicator. An arbitrary interval in tint is chosen which by the 
standard buifer mixture method can be expressed absolutely 
as corresponding to a definite change in H-ion concentration. 
The relation of the arbitrary change in H-ion concentration 
chosen to the actual amount of CO* given out by the tissue 
has not been attempted and is undoubtedly complex. It is, 
nevertheless, clear that, other things being the same, variations 
in the time taken to produce a definite though arbitrary change 
in H-ion concentration correspond to variations in rate of CO2 
production. Moreover, if the rate of COa production is rapidly 
changing, the shorter the time intervals the closer \vill be the 
correspondence. The smaller the arbitrary change in H-ion 
taken as a basis the better. The order of change in these ex¬ 
periments is from P» 7*60 to P» 7*25, and the order of time 
interval three minutes. To sum up, the method aims at 
measuring the times taken for a tissue under observation to 
give off arbitrary and unknown but small and equal quantities 
of COa. Changes in rate of respiration recorded are expressed 
in percentages of the normal rate. The advance made is 
that changes in rate can be followed practically fi-om minute 
to minute and in this way phenomena can be observed wMch 
would completely escape notice in any method which requires 
several hours for a single observation. Such methods only 
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give the average rate for the whole of such a relatively long 
period, and so may miss very large changes of rate which only 
last for a short time. 

This series of studies has so far dealt mainly with the 
effect of ether upon the respiration of bacteria, moulds and 
seeds, and with the effect of salts [NaCl, KCl, and CaCl,] in the 
first two cases. The effect of ether is found to be the same 
as has been previously recorded, except that by means of this 
method of closer observation it appears that the changes are 
quicker and larger than was to be expected. The effect of 
ether is to produce an increase in the rate of respiration which 
is not maintained but gives way later to a decrease. The 
stronger the dose the quicker and more severe the result. 
The maximum increases in rate recorded as the result of the 
strongest dose used, i.e. a saturated solution of ether in water 
(7*3 per cent.), are as follows : Aspergillus niger, 150 per cent, 
normal in two minutes ; Bacillus subtilis, S,ooo per cent, 
normal in one minute ; wheat-seed, 150 per cent, normal in 
fifteen minutes approximately. 

The effect of salts upon the respiration of Bacillus subtilis 
is in the same sense as that of ether, namely, low concentrations 
cause an increase and higher concentrations a decrease in the 
rate of CO* evolution. The changes are, however, much milder, 
and though they occur just as quickly, the changed rate is 
maintained at a constant value. NaCl, CaCU, and KCl, CaCla 
are stated to antagonise each other in their effect upon 
respiration. 

Perhaps the most notable contribution that has recently 
been made towards our knowledge of the chemical complexity 
of respiration is that contributed by H. A. Spoehr in one of 
the publications of the Carnegie Institute of Washington, 1919, 
and entitled " The Carbohydrate Economy of Cacti.” The most 
interesting section of this paper is the introduction, which 
brings under review in an able and illuminating manner for 
the biologist converging lines of experimentation in chemistry, 
physics, and physiology bearing upon the extraordinary com¬ 
plex problems presented by the plant’s carbohydrate meta¬ 
bolism, in which respiration plays a fundamental part. In 
the first place, in the light of modem developments, Spoehr 
attempts to formulate the main features of the complex system 
which constitute the seat of metabolism in the living organism. 
Protoplasm can no longer be regarded as a complex compound 
of definite constitution entering into and supporting the processe 
of nietabolism. Rather it is to be considered as a physical 
medium or substrate in the nature of a highly complex mixttire 
having two main characteristics : (i) colloidal nature ; (2) rela¬ 
tive chemical stability. Upon tWs relatively permanent sub- 
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strate metabolism proceeds, and may be viewed as a complex 
of interrelated chemical changes, the substances concerned 
being characterised by their instability. 

In considering respiration and the carbohydrate meta¬ 
bolism of plants, the preconception as to the great stability 
of the carbohydrates as a class, a preconception founded on 
knowledge of them only as pure substances in simple solution, is 
erroneous. Recent chemical investigations have shown that 
monosaccharides, when associated with the salts of various 
metals in alkaline solution, undergo spontaneously an extra¬ 
ordinary series of complex and balanced changes leading to 
the appearance of a very large number of products which 
range up m complexity from CO2 and formic acid. For example, 
Nef has found that in a system containing initially dextrose 
and sodium hydroxide no less than ninety-three diiferent 
substances are finally in equilibrium. Concentration, oxidation 
potential, and temperature control the nature and propor¬ 
tion of the final products. In the presence of dilute alkali 
sugar is not decomposed, but the structural arrangement of 
the sugar molecules is affected. It is a striking and puzzling 
fact that but a small number of the thirty-two possible sugars 
which are now known as synthetic products are ever found 
in nature in the plant, and therefore it may be regarded as 
suggestive that the composition and proportion of the various 
sugars in equilibrium found in these experiments with dilute 
alkali closely approaches those found in nature. The explana¬ 
tion of the great instability and variability of reaction of the 
sugars lies in the fact that the sugars, as weak acids, form 
easily dissociated salts with metals and that the sugar ions 
are unstable and highly reactive. Dissociation may be a 
conditio sine qua non before oxidation can take place. The 
colloidal mixture forming the substrate or medium of sugar 
metabolism and the presence of a large variety of inorganic 
salts in the plant appear to constitute conditions under which 
we should expect a dissociation of the sugar molecule and a 
very large range of possible consequent reactions. 

In the work which Spoehr himself has conducted he has 
elaborated methods for isolating the carbohydrates of cacti. 
During the cycle of the year cacti go through periods charac¬ 
terised by low water content of the plant and high water 
content, and by high and low temperatures associated with 
both the above conditions. From a study of the seasonal 
variations in the carbohydrates and from a study of the effect 
of water content and temperature under eaqjerimental con¬ 
ditions, it is found that— 

(r) Lower water content and high temperatures are 
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associated with increase of polysaccharides, decrease of 
monosaccharides, and increase of pentosans, 

(2) High water content and low temperature are 
associated with decrease of polysaccharides, increase of 
monosaccharides, and decrease of pentosans. 

The rate of respiration was found not to be definitely 
controlled by any one group of sugars. The hexose mono¬ 
saccharides which have been most commonly supposed to be 
closely concerned in respiration are at times only present in 
very small amounts, but the rate of respiration is not markedly 
reduced. It would seem, therefore, that under conditions of 
stress the plant utilises polysaccharides in respiration, and 
Spoehr thinks that the formation of pentosans is in connection 
with this condition. In the case of the polysaccharides the 
carbonyl group — CH :0 is not the first point of attack, but the 
sugars are first affected at the opposite end of the chain of car¬ 
bon atoms, i.e. at the — CHjOH group. Such a reaction results 
in a primary formation of glucuronic acid,CH:0(CH0H)4’C00H, 
and this substance Spoehr has isolated definitely from the 
cactus. This is the first time that glucuronic acid has been 
reported as a plant constituent, though it has been found 
as a product of glucose metabolism in mammals. From 
glucuronic acid we should expect the fonnation of /-xylose, 
a pentose sugar, under the action of sunlight. In support of 
this conclusion of Spoehr’s as to the origin of pentosan in the 
plant under conditions in which the plant utilises disaccharides 
or polysaccharides in respiration, it may be observed that 
if pentoses were derived from a direct oxidation of 
hexoses, i/-glucose would 3deld d-arabinose and d-galactose give 
d-xylose, whereas in nature d-glucose is found with /-xylose 
and d-galactose with /-arabinose. 


ZOOliOGT. By Prof. Chas. H. O'Donoghoe, D.Sc., F.Z.S., University 
of Manitoba, Winnip^, Canada. 

Protozoa .—Hegner gives an accmmt of the “ Heredity, Variation, 
and the Appearance of Diversities during the Vegetative Repro¬ 
duction of Arcella dentata ’’ {Genetics, vol. iv, March 1919). This 
records the results of a study of the breeding of the protozoon 
mentioned, and is concerned particularly with one lai^efamily 
of S»SS7 individuals, direct descendants of one original speci¬ 
men, and_ produced in the course of 69 generations of asexual 
reproduction. The species was chosen because it presented 
two characters— i.e., the diameter of the shell and the number of 
spines on it—^that are suitable for mathematical treatment, 
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and the problem investigated was “ Can heritably diverse lines 
be recognised among the descendants of a single specimen of 
Arcella dentala produced by vegetative reproduction ? ” There 
appears to be a certain correlation between the two factors 
chosen, since on the average those of larger diameter had more 
spines, and the limits of variation were, in diameter 73-150 
microns, in the number of spines 7-17. The two main conclu¬ 
sions arrived at are: “ A large family of Arcella dentata, therefore, 
derived from a single specimen by vegetative reproduction, 
consists of a number of branches that are hereditarily diverse 
with respect to diameter and spine number. These diverse 
branches resemble the hereditarily diverse families that were 
obtamed by vegetative reproduction from different “ wild ” 
specimens. The formation of such hereditarily diverse branches 
appears to be a true case of evolution that has been observed 
in the laboratory, and that occurs in a similar way in nature. 

Other papers include : 

Flatter, “ The Effects of some Glandular Extracts upon the Contractile 
Vacuoles of Payamsscium caudatwm ** {BioL BulL, vol. July 1919) ; 

and Kasai and Kobayashi, " The Stomach Spirochaete occurring in Mammals 
(Journ. Parasit, vol. vi, Sept. 1919). 

Invertebrata .—^A continuation of the investigations on “ The 
Axial Gradients in Hydrozoa ” has been recorded by Child in 
“II, Susceptibility in Relation to Physiological Axes, Regions 
of the Colony and Stages of Development in Certain Hydroids ” 
{BioL BulL, vol. xxxvii, Aug. 1919). The author finds a de¬ 
creasing susceptibility to lethal concentrations of KNC and other 
salts on passing from the tentacles downwards, or from the apex 
of the colony towards the base. It is possible, however, to 
reverse this susceptibility under laboratory conditions, and 
it is found that these regions are more capable of acclimatisation 
to certain ranges of lower concentrations. 

Other papers include : 

Krecker, “ Circulatioii of the Coelomic Fluid in a Nematode " (Biol. Bull., 
vol. xxxvii, Sept. 1919); Moore, " The Effect of Adrenin upon the Rate of 
Locomotion of Planaria and Toad Larvae " (ibid.. Sept. 1919}; Stunkard, 
" On the Specific Identity of Heronimus chelydra MacCallum and A orchis 
extensus Barker and Parsons ” (Joum. Parasit., vol. vi. Sept. 1919); Yo^da, 
" On the Migrating Course of Ascaiid Larvae in the Body of the Host" (» 5 »d .); 
Ackert, " On the Life History of Davania tefragona (Mdlin), a Fowl Tape¬ 
worm " (tbid.); Guberlet, “ On the life History of the (^cken Cestode, 
Hymenolepis carioca (Magalha.es) " (tbid.); Nakagawa, “ Further Notes on 
the Study of the Human Lung Distome, Paragonimus westermani " (ibid.); 
Goto. “ Dissotrema Synonymous with Gyliauchen “ (ibid.); Tannrenther, 
“ Studies on the Rotifer Asplanehm elbesbomU, with Special Reference to the 
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Male ” {Biol. Bull., vol. xxxvii, Sept. 1919); and Whitney, " The IneSective- 
ness of Oxygen as a Factor in causing Male Production m HydaHna senta ” 
(Journ. Exp. Zool, vol. xxviu, July 1919). 

Interesting results have been recorded by Gould in “ Studies 
on Sex in the Hermaphrodite Mollusc Crepidula plana : 
III, Transference of the Male-producing Stimulus through Sea¬ 
water ” {Joiim. Exp. Zool., vol. xxix, Aug. 1919)- As is known, 
this animal exhibits a male phase, a transitional phase, and a 
female phase, during its life-history. The observations tend to 
show that well-grown specimens produce an unstable substance, 
diffusible in sea-water, that acts as a stimulus to young or smaller 
individuals, causing them to develop into full males. In the 
absence of this stimulus the male phase is suppressed. The 
action is apparently specific, for large C. fomicata do not seem 
to be able to call forth this response in a small C. plana. 

Other papers include: 

Copeland, ** Locomotion in Two Species of the Gasteropod Genus Alectnon^ 
with Observations on the Behaviour of Pedal Cilia {B%oL Bull , vol. xxxvii, 
Aug. 1919); and Guthne, Cleavage and Mesench3mie Formation in Toxo- 
pmmtes variegaius ** [Biol. Bull,, vol. xxxvii, Sept. 1919). 

Bridges has added another to the already numerous papers 
on Drosophila in “ Specific Modifiers of Eosin Eye-colour in 
Drosophila melanogaster ” {Journ. Exp. Zool., vol. xxviii, 
July 1919). In this it is claimed that eight mutant genes have 
been demonstrated which, while by themselves producing no 
effect, are yet capable of modifying the eye-colour in the sex- 
linked mutant “ eosin.” These modifiers can alter the eosin 
colour from shades darker than eosin on the one hand, to a pure 
white on the other. It is suggested that ” The main signifi¬ 
cance of the facts presented is in their bearing on questions of 
the method by which selection attains its results.” The chro¬ 
mosomes of insects, ever favourite objects of investigation, have 
been treated by Goldsmith, in “ A Comparative Study of the 
Chromosomes of the Tiger Beetles (Cicindelidce) {Journ. Morph., 
vol. xxxii, Sept. 1919), and by Nakahara in ” A Study of the 
Chromosomes in the Spermatogenesis of the Stonefly, Perla 
immarginaia, Say, with Special Reference to the Question of 
Synapsis ” {ibid., Sept. 1919). The former shows that, according 
to previous workers, three t3rpes of chromosome behaviour 
may be recognised in beetles, one in which hetero-chromosomes 
are present, one in which a bipartite deeply staining body is 
found, and lastly one in which a single odd chromosome makes 
its appearance. It is noted that the germ cells of the female 
appear to contain about twice as mudi chromatin as those of 
the male. The various division stages are fully described and 
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figured. In the second paper it is shown that the chromosomes, 
including an X and Y, appear in the spermatogonial complex. 
The occurrence of Parasynapsis at the early stage of division 
is not substantiated. 

Other papers include : 

Brues, " The Classification of Insects on the Character of the Larva and 
Pnpa" [Biol. Bull., vol. xxxvii, Jnly 1919); Bumes, “ Experiments in 
Breeding as a Means of determining Some Relationships among Cyclops 
[ibid., July 1919) ; Davey, Prolongation of life of Tribolium confusum 
apparently due to Small Doses of X-rays'' [Journ. Exp. Zool., vol. xxviii, July 
1919) ; Green, ** Studies in the Life-cycle of Simnoc&phalus vetulus " (Biol. 
Bull., vol. xxxvii, July 1919); Komhauser, “ The Sexual Characteristics of the 
Membracid, Thalia bimaculata (Fabr.): I, External Changes induced by Aphe- 
lopus theliea (Gahan) " [Journ. Morph., vol. xxxii. Sept. 1919); and 'i^ting, 
" Genetic Studies on the Mediterranean Flour Moth, Ephestia kuhniella Zeller " 
[Journ. Exp. Zool., vol. xxviii, July 1919). 

Vertebrata. —The Comparative Myology of the Shoulder 
Girdle and Pectoral Fin of Fishes '' is discussed at some length 
by Shann {Trans. Roy. Soc. Edin., vol. lii, pt. iii, 1919). A 
series of twenty species of the class ranging from Selachii to 
Teleostei were dissected, and a description of the musculature is 
given in each case. In addition to the actual account, there is 
also provided a'' Key to Comparative Study of Pectoral Muscu¬ 
lature in the six different groups, and also in the Urodela, and 
again a tabular statement of the nomenclature employed by the 
various authorities in the Elasmobranchii, both of which are 
very useful. 

Other papers include : 

" The Homologies of the Maxillary and Vomer Bones of Polypierus " (Amer. 
Journ. Anal., vol. xxv, July 1919), and " The Innervation of the Intennandi- 
bularis and Genioglossus Muscles of the Bony Fishes " (Anat. Rec., vol. xvi, 
July 1919), both by Phelps ; Turner, The Seasonal Cycle in the Spermary 
of the Perch" [Journ. Morph., vol. xxxii. Sept, 1919); Allen, “ Development 
of the Th3u:oid Glands of Bufo and their Normal Relation to Metamorphosis " 
[ibid.) ; Hoskins, " Growth and Devdopment of Amphibia as affected by 
Th3n:oidectomy" [Journ. Exp. Zool., vol. xxix, Aug. 1919); Jordan, "The 
Histology of the Blood and the Red Bone-Marrow of the Leopard Frog, Rana 
pipiens " [Amer. Journ. Anat., vol. xxv, July 1919); Kampmeier, " A Sum¬ 
mary of a Monograph on the Morphology of the L3nnphatic System in the 
Anuran Amphibia, with Especial Reference to its Origin and Development '* 
[Anat. Rec., vol. xvi, Aug. 1919); Latta, " The Morphology of the so-called 
Balancers in Certain Species of Amblysioma*^ (ibid.. Sept. 1919}: LarseU, 
" Studies on the Nervus Terminalis: Tujtle " (Journ. Comp. Naur,, vol. xxx, 
Aug. 1919); and Tannreuther, " Partial and Complete Duplicity in Chick 
Embryos " [Anat. Rec,, voL xvi, Aug. 1919)* 

38 
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Comer has written “ On the Origin of the Corpus Luteum of 
the Sow from Both Granulosa and Theca Interna ” [Armr. 
Joum. AnaU, vol. xxvi, Sept. 1919). He has investigated a full 
series of stages by means of various staining methods, and paid 
particular attention to the fate of the theca interna. There is 
no doubt in view of the evidence provided that the membrana 
granulosa is retained intact in the sow, in spite of the previous 
statements to the contrary, and is the main contributor to the 
glandular cells of the corpus luteum. The whole of the theca 
interna appears to pass into the corpus with the invading blood¬ 
vessels, but its cells are apparently not converted into fibro¬ 
blasts. On the other hand, they increase by mitotic division, 
and are heavily laden with lipoid substance, so that it is probable 
that some of the theca cells persist throughout pregnancy as 
distinct elements of the corpus luteu m . The exact fate of all 
of them cannot be learned by the present methods, because 
of a confusing resemblance between some of them and some of 
the modified granulosa cells. King has continued a series of 
“ Studies on Inbreeding,” in part ” IV, A Further Study of the 
Effects of Inbreeding on the Growth and Variability in Body- 
weight of the Albino Rat ” {Joum. Exp. Zool., vol. xxix, Aug. 
1919). Over 600 rats were examined in the sixteenth to the 
twenty-fifth generation, of a strain inbred brother and sister 
from the same litter only. It is noted that continued inbreeding 
has produced no noticeable deterioration in rate of growth or 
extent of growth. The normal body-weight was maijitained 
throughout, and a high degree of variability kept up. 

Other papers include : 

Arey," On the Presence of Haversian Systems in Membrane Bone " {Anat. 
See., vol. xvii. Sept. 1919); Baldwin, " Variations in the Carotid Arteries of 
the Kabbit” {ibid., July 1919); Buddington, “The Influence of Certain 
Ductless Gland Substances on the Growth of Plant Tissues ” {Biol. BiM., vol. 
xsxvii, Sq>t. 1919): Cyriax, " A Brief Note on ' Floating ’ Clavide ’’ {Anat. 
Rec., vol. xvi, Aug. 1919); " The Development of the Stemxun in Sus Scrofa “ 
{A^uti. Reo., vol. xvi. Sept. 1919), and " The Ontogeny and Phylogeny of the 
Sternum" {Amer. Journ. Anal., vol. xxvi. Sept. 1919), both by Hanson; 
Henderson, " The Adult Lymphatic S3ratem of the Striped Ground-squirrel 
{SpermophUus tridecemlineatus Mitchell) " {Anai. Rec., voL xvi, July 1919); 
Hunt, " Birth of Two Unequally Devdoped Cat Foetuses {Felis domestica) ” 
{ibid., Aug. 1919); Jordan, “ The Histology of the Umbilical Cord of the Hg, 
with Special Reference to the Vasculogenic and Hemopoietic Activity of its 
Extensively Vascularised Connective Tissue " {Amer. Joum. Anal., vol. xxvi. 
Sept. 1919}; Komine, " Metabolic Activity of the Nervous System: III, On 
the Amount of Non-protein Nitrogen in the Brain of Albino Rats during 
Twenty-four Hours after Feeding" {Joum. Comp. Near., vol. xxx, Aug. 
1919): Kudo, " The Facial Musculature of the Japanese " {Joum. Morph., 
vd, xxxii, S^t. 1919); MSacArthur and Doisy, " Quantitative Changes in the 
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Hu man Brain during Growth ” (Journ. Comp. Neur., vol. xxx, Aug. 1919) I 
Moore, " On the Physiological Properties of the Gonads as Controllers of 
Somatic and Psychical Characteristics: II, Growth of Gonadectomised Male 
and Female Rats " {Journ. Exp. Zool., vol. xxviii, July 1919); Murray, “ The 
Development of the Cardiac Loop in the Rabbit, with Espedal Reference to 
the Duodo-ventricular Groove and Origin of the Interventricular Septum ” 
(Amer. Journ. Anat., vol. xxvi. Sept. 1919); Myers, “ Studies on the Mammary 
Gland: IV, The Histology of the Mammary Gland in Male and Female 
Albino Rats from Birth to Ten Weeks of Age ” {tbid., July 1919); Plant, 
“ Factors influencmig the Behaviour of the Brain of the Albino Rat in Mhller’s 
Fluid ” {Journ. Comp. Neur., vol. xxx, Aug. 1919); and Takenouchi, " On 
the Resistance of the Red Corpuscles of Albino Rats at Different Ages to 
H3^tonic Solutions of Sodium Chloride " {Anal. Rec., vol. xvi. Sept. 1919). 

General .—^Danforth has put forward " Evidence that the 
Germ Cells are Subject to Selection on the Basis of their Genetic 
Potentialities ” {Journ. Exp. Zool., vol. xxviii, July 1919)* 
The method employed was to get fowls of known genetic con¬ 
stitution to inhale alcohol vapour, which in the lungs probably 
passes directly into the blood, and so may be carried to the germ 
cells. It was found that the relative proportion of certain 
traits, brachydactyly, polydactyly, and white colour in the off¬ 
spring produced during periods of control and during periods 
of treatment differed. This selection was found to be more 
rigorous the more severe the treatment. 

Other papers include: 

Harvey, " Mtotic Division of Binucleate Cells " {Biol. Bull., vol. xxxvii, 
Aug. 1919): Massopust, “ A Simple Meiliod of preparing Daylight Glass for 
Microscopic Work ” {Anal. Rec., vol. xvi, Aug. 1919); Sumner, “ Adapta¬ 
tion and the Problem of Organic Purposefulness ” {Amer. Nat., vol. liii, 
July 1919): and Castle, " Piebald Rats and Selection ’’ {ibid.). 


EDTrCAXIOlf. By A. E. HnaXH, M.A., University, Manchester. 

Since the publication of Bain’s Education as a Science there 
has been a great change in educational opinion. There used 
to be a not altogether unreasonable fear, which that work 
did little to dispel, that any stressing of the science—^as opposed 
to the art—of education would tend to fetter tentative ^d 
pliant methods in the bonds of a rigid mechanical schematisa- 
tion. But that fear was based on a false view of scientific 
method. Systematisation in any concrete field only proceeds 
side by side with the empirical gamering of experience ; and 
thus knowledge of any field of endeavour (and of cognate 
domains) helps practice, not by presenting it with a^ set of 
a priori principles or rules from outside, but by turning the 
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attention of the practitioner to the rational, orderly study of 
successful methods in actual use, and of the underlying reasons 
ior their success. In Prof. Laurie’s pointed phrase, sound 
theory is only sound practice “ conscious of itself.” In our 
day none can justly accuse educationists of not being conscious 
of the problems raised by their practice, and of the need for 
an adequate basis of scientific knowledge about cognate do¬ 
mains. But the growth of such conscious attention to the 
science of education has led them to take a greater interest 
in the work of their fellows. Hence have arisen a succession 
of educational conferences, a growing professional literature, 
and a mass of technical periodicals with the sum total of which 
it is quite beyond the busy teacher to cope. It will be the 
object of this series, therefore, to help the expert more easily 
to make use of the literature of his subject, and to give to the 
general reader some impression of contemporary educational 
movements. 

• • • • 

Underlying the varied programme of the e^ighth annual 
Conference of Educational Associations held in January at 
University College, London, there seemed to run two main 
currents of thought. 

A. Thus many of the papers group themselves naturally 
as being motivated by the awakened interest in the help 
which recent advances in pyschological knowledge can give 
to education. There were, for instance, admirable papers on 
” Mental Tests ” by Prof. J. Adams and Dr. P. B. Ballard. 
In the discussion which followed the clear and useful history 
of the subject given by the latter. Prof. Spearman pointed out 
how easily the teacher who knows nothing of this type of work 
can mistake the stupidity due to some simple physical defect, 
or remediable failure in correlation, for a sign of low intelli¬ 
gence. Earlier in the conference Mr. G. F. Daniell had sug¬ 
gested that a certain amount of help might be afforded by 
psychological tests in the selection of elementary children for 
higher forms of education. 

Other lecture-subjects grouped about a similar motive 
were those based on the growing trend of psychological opinion 
that the cognitive side of human personality has been unduly 
stressed, with the consequent relative neglect of its conative 
and affective aspects. Thus, in the first place we have the 
claim that scope should be given to the child’s hunger for 
doing and for making things; and hence that a due place 
should be assigned to handicrafts and other creative activities 
not solely nor directly concerned with knowing. Under this 
heading we may class the set of lectures by Mr. Ben Greet and 
others on the educational uses of the drama ; the paper by 
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Prof. Shelley on the play spirit; the claims for folk-dancing 
by Mr. Cecil Sharp; and the demonstration by M. Jaques 
Dalcroze by which he sought to illustrate his thesis that rhythmic 
bodily activity is an essential factor in the training of an 
intelligent appreciation of music, and a powerful weapon in 
forging for the child a “ vigorous and clastic body.” At 
the same time we have, closely connected with this, the cor¬ 
relative realisation that the affective or emotional side of the 
child needs its due meed of opportunity for development; 
a realisation which embodied itself in the lectures by Dr. 
Somervell, Mr. Barrett Carpenter, and others on the place of 
the various,arts in education. 

There is, moreover, a certain connection between the trend 
of thought sketched above and the claims which were voiced 
at the conference for a study of the child’s unconscious mind. 
Mere unthoughtful repression, or neglect of any one side of 
the child’s activity, can only—^it is contended—^lead to danger. 
The better way was well illustrated (perhaps unconsciously) 
in Mr. E. A. Craddock’s exceedingly interesting paper on 
“ The New Discipline.” In this he showed how he had been 
able to convert the combative instincts, as exemplified in 
competitive and sporting impulses, from an enemy to discip¬ 
line into an ally to self-governed class-work—even in so un¬ 
promising a subject as French irregular verbs. Bearing on 
these issues were also Dr. O. A. "V^eeler’s able address on 
“ New Views of Human Personality,” and Dr. Constance 
Long’s sane and temperate plea for a proper consideration 
of the ^idance and warnings afforded by the study of the 
unconscious for all those, whether parents or teachers, who are 
called on to give sex instruction. 

B. The second main current along which the conference 
lectures seemed to align themselves was that concerned with 
the social significance of education. In his inaugural address 
the President of the Board of Education had spoken of the 
war against “ our ignorance ” : and many of the lectures— 
those e.g. of the Eugenic Education Society, and the admirable 
course organised by the Infant Welfare Association and the 
Civic Educal^jon League—^were delivered in full realisation of 
the dire consequences of that ignorance. Some other papers— 
amongst them being Prof. S. D. Adshead’s on “ Environment 
in relation to Civic Education,” and Prof. J. J. Findlay’s on 
“ New Projects of Education and Social Reform ”-^ealt 
directly with the social questions involved in education. And, 
of the meetings on Continuation Schools, the discussion on 
“ Education and Industry ” qpened by Mr. A. P. Fleming 
and Mr. J. M. Mactavish was as much concerned with economic 
principles as with education; whilst the joint conference on 
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the subject of such schools was largely occupied with the 
social factors involved in their formation. 

The outstanding feature of this side of the conference was, 
however, the great stress laid on the need for adult education. 
The Master of BallioTs racy paper on “ The Education of the 
Citizen,” and the substance of what was said by the speakers 
at the joint conference on Adult Education under Canon J. H. 
B. Masterman, all served vigorously to press home upon the 
educational workers present the too often forgotten fact that 
one’s education is only ended (if then) when one is dead. 

The January meeting of the Geographical, Science Masters’, 
and Mathematical Associations dealt, in the main, with technical 
matters. Mr. W. W. Vaughan’s presidential address to the 
science masters, however, took the form of a most inspiring 
call upon them to recognise their great responsibilities m the 
immediate future. Furthermore, the general question of the 
value to teachers of the history of their subject was touched 
upon both in Sir Richard Gregory’s plea for general science 
courses separate from the laboratory work, and in Mr. R. C. 
Fawdry’s paper to the Mathematical Association on the teaching 
of mechanics. Finally an important matter of principle was 
raised in the discussion on the paper read to the latter Asso¬ 
ciation by Mr. C. Godfrey, in which it was contended that 
the informal str^e of teaching should be extended over the 
whole of elementary plane geometry—^use being made of the 
notions of symmetry and similarity—^logical methods being 
reserved for a subsequent formal recapitulation. The danger 
here is not the informality itself, but that such courses may 
degenerate, in less expert hands than Mr. Grodfrey’s, into the 
acquirement of sense knowledge only, to the exclusion of all 
reasoning. But there is not this sharp alternation in the child’s 
own development. “ All the elementary mechanisms essential 
to formal reasoning are present before the child leaves the 
infant department, i.e. by the mental age of seven ” is the 
conclusion of Mr. Burt in the papers referred to below. And 
that accounts for the practical failure of purely measurement 
courses as substitutes for Euclid. At any rate. Prof. T. P. 
Nunn’s advice to strike the mean : to deal with the concrete 
(even solids), to take the obvious for granted; hut to introduce 
rigid reasoning of a simple kind from the very first—would seem 
a desirable correlative to Mr. Godfrey’s claim. 

The following is a selection of references to recent work bear¬ 
ing on the subjects mentioned above : 

E. Eignano, Mowis# (1918)- 28 , 3, pp. 373 - 93 . in “ School of To- 
monon',” mges on all educationists the pressing need of the tima ior deliberate 
and oonsGioaB attention to tiw problems raised by schooling. 
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C. Burt, Joum, of Exper, Pedagogy (1919), 5 , 2, pp. 68-77 » 3, 

pp. 121-7. Two valuable papers on tests of reasoning and the light they 
throw on the development of reasoning in children. In the same place 
R. C. Moore gives a comparison of various methods of measuring intelligence. 
There is also an article by Mr. Burt in Joum, oj Ed., Jan. 1920, pp. 27-9. 

In referring to educational applications of abnormal psychology it is 
perhaps well to state without equivocation that the appl3ring of the kaow- 
ledge gained in that study to teaching method is a very different matter 
from allowing oneself to be tempted into amateur psycho-analysis of children. 
That, on the part of anyone without a thorough medical and psychological 
training, is as unpardonable as to attempt an amateur surgical operation— 
and should carry the same legal penalties. There are two recent books. 
The Child*s Unconscious Mind (Kegan Paul, 1919) by W. Lay is addressed 
to teachers ; but some of the suggested applications run somewhat to cranki¬ 
ness. Echo Personalities: A short Study of the Contrihutio'ns of Abnormal 
Psychology towards the Problems of KornM Education (George Allen and 
Unwin, 1918) by Frank Watts, presents, however, a balanced estimate of 
what can profitably be made use of in normal practice. See also Constance 
Long, Joum. of Exp. Ped. [igig), 4 ^ 2, pp. 57-70. 

On the fundamental importance of sesthetic education, and on the real 
dangers in over-stressing it, by far the ablest modem discussion is contained 
in the chapter on Education and iFsthetic ** in Dr. M. W. Keatinge's 
Studies in Education (A, and C. Black, 1916), pp. 71-103. 

The Final Report of the Committee on Adult Educalion (H.M. Stationery 
OfELce, 1919) contains a mass of material and suggestions of great importance 
to all educationists. 
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THE RELATION OF MAGNETISM TO 
THE CRYSTALLINE STATE 

By major a. E. OXLEY, RA.F., M.A,, D.Sc.^ University College, London. 

Introduction .—In recent years important developments of the 
theory of atomic structure have been made, but it must be 
admitted that most of these provide a very imperfect means 
of correlating certain definite facts bearing on the magnetic 
properties of matter. To take one instance, the Rutherford- 
Bohr theory of the simpler types of atom ignores magnetic 
forces completely, and the Bohr hydrogen-molecule is definitely 
paramagnetic in contradiction to the well-known fact that 
molecular hydrogen is diamagnetic, possessing a molecular 
susceptibility — 6i x 10“’^. While emphasising this point, 
it is to be understood that no attempt is here being made^to 
show that an alternative theory based purely on an element'of 
magnetism will give a more satisfactory solution; rather, that 
the known magnetic data imply that the more recent theories 
are inadequate, and require to be supplemented or modified, 
so that while retaining their present validity, as regards the 
interpretation of the phenomena which they were devised to 
explain, due recognition is taken of the available experimental 
data furnished by recent magnetic researches. It is therefore 
proposed to examine to what extent the magnetic forces due 
to orbital electron motions are capable of explaining magnetic 
phenomena, to regard these effects as superimposed upon the 
electrostatic effects, and, as far as possible, to ascertain whether 
in any particular case the electrostatic or electromagnetic 
forces predominate. 

Escperimenial .—In a series of memoirs the author ^ has 
attacked this problem. The substances examined consisted of 
about 40 organic compounds ^^whosei magnetic properties were 

Phil. Trans. Roy. Soc., Vol. 214A, p. 109, 1914 {Parts i and 2); ibid., 
VoL 215A, p. 79,1915 (Part 3); ibid., in conise of publication (Part 4). For 
brevity these memoirs are referred to as Parts r, 2, 3 and 4 in the text. 
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investigated over a temperature interval extending from 
—180“ C. to 200° C. For details concerning the method of experi¬ 
ment and the elimination of errors, due to disturbing sources, 
reference is made to Part i. In 1895, Curie investigated the 
magnetic properties of a large number of substances. He 
found that the specific susceptibility (i.e. the susceptibility 
per gram) of paramagnetic substances varied inversely as the 
absolute temperature, while that of diamagnetic substances 
(with the exception of bismuth) remained constant as the tem¬ 
perature varied. In 1905, Langevin developed an electron 
theory of magnetism for gases, which accounted theoretically 
for the results observed by Curie. On this theory, the sum of 
the magnetic moments of the electron orbits in a molecule is 
zero, when the substance is diamagnetic, but is different from 
zero in a paramagnetic substance. Weiss extended Langevin’s 
theory to account for ferro-magnetism, where the molecules 
exert intense mutual action on one another. In the present 
e:^eriments it was found that the Curie law of constancy of 
diamagnetism held very approximately for most of the sub¬ 
stances, to within the limit of experimental error, providing no 
appreciable change of molecular aggregation with variation of 
temperature took place. A sudden change of molecular con¬ 
stitution, however, such as occurs on crystallisation, might be 
expected to affect the magnetic property appreciably, the 
molecules becoming distorted by mutual forces. In confirma¬ 
tion of this view, it was found that a definite change of specific 
susceptibility actually did take place on crystallisation, the 
change amounting to a few per cent, in the case of aromatic 
compounds. Aliphatic substances showed a smaller effect, 
and in some cases the change was inappreciable. The small¬ 
ness of the effect presented by such substances is considered 
below (p. 592). If the substance did not crystallise, but passed 
into a supercooled liquid or jelly state, the change of specific 
susceptibility was too small to be detected. In the case of 
benzophenone, by cooling the liquid carefully, the substance 
passed into a vitreous mass with no change of susceptibility. 
After cooling to — 20° C. (i.e. 70 degrees below the m.p.), crys¬ 
tallisation set in and the crystals were found to be less dia¬ 
magnetic than the liquid or vitreous mass. On heating the 
crystals, their susceptibility remained practically constant, 
until the fusion-point was reached, where the susceptibility 
increased to the normal value possessed by the liquid. Thus 
a definite hysteresis loop with respect to temperature was 
obtained with this diamagnetic substance. The loop was 
similar to those presented by nickel steels,* the critical tem- 

* J. H. HopMnson, Proc. Roy. Soo., A, vol. xlviii, p. i, 1890. Other 
curves than the one reproduced are given. 
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perature of the latter corresponding to the fusion-point of 
the organic compound. (See figs, ia and is.) 

As the result of these determinations, it appears that the 
diamagnetic property is complex and very similar to the 
magnetic property possessed by ferro-magnetic substances 
above and below their critical temperatures. 

The essential difference between the two types of phenomena 



Fig. ia. 

Sabstance, benzophtnone. abc shows susceptibility on cooling from liquid to vitreous mass. 
Crystallisation started at c and was complete at d. db, susceptibility curve for crystals on 
warming to room temperature, fg and HI, two independent curves, the latter showing the 
rise of susceptibility at the melting-point b. 



Fig. IB. 

Substance, nickel steel (4*7 per cent, Ni). aVc' shows very small induction on cooling from 
above 800* C., through magnetic cridcal temperature b', to about 600° C. Molecular change 
started at c^, and was complete at d^b', inducdon curve on heating to critical temperature, 
b'b' showing die fall of induction at the nu^etic change-point. 


lies in the nature of ma^etic moment associated with an indi¬ 
vidual molecule, i.e. with the arrangement of the electron 
orbits on Langevin's theory. If the substance is diamagnetic, 
the molecule, taken as a whole, has a zero resultant moment ; 
if the substance is paramagnetic or ferro-ms^etic, the mole¬ 
cule has a definite .resultant ms^etic moment, and conse¬ 
quently the magnetic property varies in the latter case with 
temperature. , 
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Now during crystallisation the rigidity which arises is due 
to the forces which the molecules, in virtue of the contained 
rotating electrons, exert on one another. These forces must 
be large in order to produce such a large cohesive effect. In 
spite of the zero magnetic moment of the diamagnetic mole¬ 
cule, taken as a whole, the local force, at a point in between a 
pair of molecules, may be very large, comparable in fact (see 
Part 2, p. 143) with the local force within a ferro-magnetic 
medium, and may be capable of distorting the molecules to 
such an extent as to give rise to the observed change of specific 
susceptibility on crystallisation. 

The Local Molecular Field 0} a Diatnagnetic Substance .— 
From the extent of this change of susceptibility per gram on 
crystallisation, it is possible to derive a value of the intensity 
of the local force, which is operative in the formation of a 
crystalline space lattice, and to which the rigidity is due. The 
usual method of defining the force at an internal point of a 
material medium is to take a cavity, whose dimensions are 
small in comparison vrith ordinary lengths (e.g. i cm.), and yet 
large compared with molecular dimensions. A convenient 
designation of the size of such a cavity is contained in the 
plurase “ physically smaU." In molecular theory, the sub¬ 
division of tike medium into elements is not valid beyond the 
limits of physical smallness, and only in media which are 
absolutely continuous may the elements be pushed to the 
limits of mathematical smallness. The case of a fluid com¬ 
posed of discrete molecules has been worked out by Sir Joseph 
Larmor, who found that the part contributed to the force at 
an internal point, by the molecules immediately surrounding 
the point, was separable into two parts, a purely local part 
Md a part due to the rest of the medium. The latter part 
is determinate, as it is derivable from the potential due to the 
combined volume and surface density distributions of Poisson, 
while the former part, on account of rapid motions and irregular 
distributions of the molecular axes, is shown to be negligibly 
small. When, however, we come to the case of aystalline 
media, the molecules, which lie in the immediate neighbour¬ 
hood of the internal point, contribute an unknown amount to 
the local force, for in this case there is no averaging out on 
account of random motions of the molecules immediately siu> 
rounding the point. As we do not know the law of force which 
holds'at such dose range, or the relative positions of the atoms 
in the aystalline medium, we can only deduce the value of the 
local forces indirectly from experimental data. 

Up to the present we have made no supposition as to the 
nature of the local molecular force. It may be electrostatic, 
electromagnetic, or indeed of any other nattire, for a force of 
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any of these types, associated with each molecule, would 
produce a distortion in all the molecules and would give rise 
to a new set of properties which would distinguish the crystalline 
from the fluid state. If we examined a single crystal we should 
no doubt find that the distortion, and therefore the properties, 
are different along different directions. In a mass of small 
crystals these directional differences would not be detectable, 
but there would still be an outstanding mean distortion which 
would produce a definite change of property on crystallisation. 
Now we know that the effect of applying a magnetic field to a 
substance is to distort the configuration of each molecule, 
and we can ascertain what must be the magnitude of such a 
field which will produce the change of susceptibihty which 
was observed experimentally. Let us therefore assume that 
the molecular field is a magnetic one and determine its 
magnitude. 

If AM is the change of moment produced in an electron 
orbit of moment M, by appl3dng a magnetic field H, r being 
the period of rotation of the electron (= io~‘* sec.), e/m the 
ratio of charge to mass (1*7 x 10’in E.M.U.), we may write 
(Part 3, p. 84): 

4 ^=-— 

M 4'jrm 

The largest field which we can produce in the laboratory 
is of the order 10* gauss, and hence the largest value of AM is 
io“®.M. Suppose, however, on crystallisation that the mole¬ 
cular forces were of the order 10^ gauss, then the value of 

would be of the order 10"®, and would correspond to a change 
of I per cent, in the specific susceptibility. This is the extent 
of the change actually observed in aromatic compounds, and 
therefore we could interpret the molecular force in such ciys- 
tfllbn e media as being of the order 10^ gauss. Other evidence 
confirming a molecular field of this intensity is furnished by 
double refraction, magneto-striction, and magneto-rotation 
data, and this suggests an extension of the idea of an intense 
molecular field to media which show an inappreciable change 
of susceptibility on cr3rstallisation. A liquid submitted to a 
magnetic field becomes feebly doubly refracting and undergoes 
ai small volume change. If we could apply a magnetic field of 
lo^ gauss (such a field is, on the above view, brought into play 
on crystallisation), the double refraction would be comparable 
with the natural double refraction of quartz (Part 3, p. 87), 
while the magneto-striction effect becomes the change of volume 
on crystallisation (of the ord«r o*i c.c. per c.c.) (Part 4). The 



ARTICLES 593 

large local molecular field can also be applied with success 
to account for the anomalous cases of the Faraday effect, 
the reversed action of the local molecular field producing iii 
certain cases a change in the sign of the rotation (Part 4). 

Our conception of a diamagnetic atom (or molecule) is 
represented diagrammatically in fig. 2. Taken as a unit, each 
atom (or molecule) a, b, etc., is a balanced system possessing 
zero magnetic moment. Of course a and b may each possess 
a large number of electrons rotating in small orbits scattered 
over the ** surface '* and interior (see fig. 3, p. 597) which would 
c^termine forces in other directions than those indicated by 
the straight arrows in fig. 2, but as all the electrons in a dia¬ 
magnetic molecule must have a total zero moment, the above 



Fig. 2. 

Diagraminatic represenution of the electromagnetic attractive force between two units, A and 
B, of the crystalline structure. The black dots indicate the diffuse nuclei, consisting of positive 
charges and a distribution of electrons rotating in small circles at varying distances. The circular 
currents shown are positive; the actual direction of rotation of the electron is opposite to that 
Indicated by the arrow on each small drcle. 


diagrammatic scheme fulfils our purpose. The general case 
of an asymmetric diamagnetic atom, whose localised surface 
electrons may have a close bearing on directed valencies, is 
referred to below (p. 597). In the crystalline structure, a and 
B are attracted to one another and to the surrounding atoms 
or molecules, locally, as indicated by the arrows between the 
attracting orbits, and it will be observed that the local mole¬ 
cular field is of an alternating character, the distance over 
which it is unidirectional being comparable with the distance 
between the atoms or molecules. We should naturally expect, 
on this view, that the molecular field in between the atoms 
of a diamagnetic medium would be comparable with that in 
ferro-m^netic media, since the periods of the electron orbits 
and the number of electrons are comparable in the two cases. 
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The value, lo^ gauss, of the local molecular field found above, 
is of the same order as that in ferro-magnetic substances 
(Weiss & Beck, Journ. de Phys. IV, vol. vii, p. 249, 1908). 
Locally, the diamagnetic molecule is ferro-magnetic, and the 
repulsion observed in a magnetic field, on diamagnetic matter 
in bulk, is purely an induction effect produced in a system of 
molecules each of which has a zero magnetic moment. 

' Energy of the Molecular Field. —If H, be the intensity of 
the local molecular field in a diamagnetic crystalline medium, 
/ the aggregate local intensity of magnetisation for all the 
molecules in unit volume, the energy associated with one gram 
of the medium, over and above that associated with one gram 

of the liquid, will ~ . H,. I, p being the density of the 

2 p 

crystalline medium.' If we assume that H, is proportional 

to I, and write H. — A^. I, the energy term becomes A,. P, 

J 

which is analogous to the energy term —. N. P . obtained by 

2 p 

Weiss for ferro-magnetic media. N, which corresponds to A^, 
is the coefficient of the feiro-magnetic molecular field. The 
local molecular fields in the two cases are comparable, and so 
are the values of the local intensity of magnetisation; hence 
the energies, associated with one gram of the crystalline media 
in virtue of the crystalline Rouping of the molecules, are of 
the same order. This energy is approximately 10® ergs. During 
fusion this molecular potential energy is dissipated, and there¬ 
for the latent heat of fusion should be of the order io®/4*2 x lo'^ 
or 25 gram calories. The following are values * of the latent 
heat for some of the substances experimented on in Part i : 

Benzene, 30 Chlorobenzene, 30 Aniline, 21 

Xylene, 39 Bromobenzene, 30 Acetophenone, 23 

P3Tidiae, 22 Nitrobenzene, 22 Naphthalene, 35 

It should be noted that these are comparable with the 
values for the elements : 

Bismuth, 13 Cadmium, r4 Silver, 22 

Zinc, 28 Gallium, 19 Iron (magnetic 

change-point), 59 

Of course, until we know the disposition of the molecules in the 
space lattice, their distances apart, and the law of force which 

1 For details of the axgomeat leading up -to the derivation of this tenn, see 

3. P- ©o. 

* Reeueii des Con^ntes Physiques, Paris, 1913, p. 323. 
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is operative within molecular range, it will be impossible to 
obtain individual values characteristic for each substance. 
The molecules are held in certain mean positions by the opera¬ 
tion of the local molecular field, and at any temperature below 
the fusion-point, the thermal energy consists partly of tr^s- 
lational and partly of rotational oscillations. At the fusion- 
point, the molecular field ceases to have any directing effect 
on the molecules, and the amplitude of the rotational oscilla¬ 
tions has grown so great that the crystalline arrangement has 
been destroyed. This theory has obviously a close bearing on 
the theory of specific heats of the solid state, and suggests a 
connection between the latter and the elastic properties of the 
medium (c/. Debye’s theory’-). Superimposed upon the thermal 
energy of linear -vibrations of the molecules we shall have a 
rotational term: 

— A I — 

at temperature 0 , and the dissipation of the energy of crystalline 
grouping will give rise just below the fusion-point (or, as Weiss 
has pointed out, in the case of ferro-magnetics, just below the 
magnetic critical point) to a smaU but measurable increment 
of specific heat. 

Experimentally, such effects have been observed by Nemst 
and Lindemann. 

Again, the relation between the optical and thermal fre¬ 
quencies and the elastic constants of the medium foUo-ws at 
once, since the molecular field, which holds the molecules 
together and determines the rigidity of the medium, is suflB- 
ciently strong to cause the electrons to -vibrate with optical 

frequencies v, in accordance with the relation v = Within 

an atom the local field may be greater than id’ gauss ; ff it 
attains a value of lo® gauss, oscillations of X-ray frequencies 
could be accounted for. The intermolecular field of lo’ gauss 
may account for the shift of an absorption band on crystallisa¬ 
tion in accordance with the theory of the Zeeman effect. 

Molecular Cohesion in Crystals. —W^e have seen that the 
energy per unit volume of a crystalline medium is of the order 
2 X lo® ergs (Part 4). This gives a measure of the ultimate 
tensile strength of the medium. It should be noted that in 
determining the magnetic induction, which gives rise to this 
mechanical stress, we must ima^e a crevasse, whose gap is 
smedl in the rnathematical sense, situated between a pair of mole¬ 
cules. The true local molecular field would then be deter¬ 
mined, whether the medium as a whole is diamagnetic or ferro- 
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magnetic, its order of magnitude being lo^ gauss. If we took 
a crevasse in a ferro-magnetic crystal whose width of gap was 
large compared with molecular dimensions, the force in the 
gap, when the external field is zero, would be 4 w /, where I 
is the spontaneous intensity of magnetisation. This is small 
compared with the local value of the molecular field and is 
totally inadequate to account for the ultimate tensile strength. 
The difference is attributed to the localisation of the molecular 
field, and, while the principle of continuity of magnetic induc¬ 
tion is obeyed, the intense local field is still capable of modifying 
the structure of an immediately neighbouring molecule and 
of setting up an internal stress equal to the ultimate tensile 
strength of the material as observed mechanically. If we take 
an isolated crystal, the stresses between the layers of atoms 
will be different in different directions, and hence the effort 
required to separate the layers of molecules or atoms will be 
different according to the directions chosen. In this way, 
the positions of the planes of cleavage are found. On this 
view, the crystalline symmetry is characteristic of the residual 
valency forces due to the nucleus and nuclear electrons, the 
symmetry of which is reflected in the crystalline S3mmetry. 
It is necessary to point out here that this statement is not 
inconsistent -with the atomic space lattice disclosed by X-ray 
analysis. The diiTracting centres are very small, diffuse regions 
surrounding the nucleus, and containing numbers of nuclear 
electrons. The true valency electrons are roaming over the 
atomic “ surface,” and are in general small in number com¬ 
pared with the nuclear electrons. As the diffracting power is 
probably proportional to the number of electrons, we should 
expect that the photographic effect, observed in X-ray analysis, 
would be characteristic of the nuclear group and that the 
two valency electrons which determine the special relation of 
two different atoms would not be discoverable by such means. 
Therefore it is regarded as probable that the molecule, at least 
in compounds, still exists as a definite unit within the crys¬ 
talline structure (fig. 3). Furthermore, in the liquid state, the 
atoms of a compound molecule bear a special relation to one 
another, determined by definite valencies, and it is not likely 
that, when crystallisation sets in, the residual forces of two such 
stable sjretems will be capable of controlling the specially 
strong valency forces in such a way that a given atom becomes 
associated equally with all its neighbours. Unless we adopt 
this view, and regard certain atoms as specially bound together 
to form a molecule, just as they do in the liquid state, we must 
admit that a single valency can be subdivided, for, on the 
alternative view, each atom is related to its neighbour in pre¬ 
cisely the same way. 
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In a remarkable series of experiments, Tyndall {On Dia¬ 
magnetism and Magneto-crystallic Action, 1870) has shown that 
the deportment of crystals suspended in a magnetic field is 
closely linked up with the orientations of the principal planes 



of deavE^e. T3mdall sought to explain these effects as due 
to reciprocal molecular induction, an explanation platisible 
enough in the case of ferro-ma^etic media, but hardly likely 
to be applicable in the case of diamagnetic media as they were 
then imderstood. The simple diamagnetic polarity is of so 

39 
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small an order that the differential induction effect along 
different directions within the crystal could certainly not give 
rise to the mechanical movements observed. On our view of 
the structure of a diamagnetic molecule, which we have seen 
is strongly magnetic locally, but as a whole diamagnetic, this 
difficulty disappears. 1 he local force is large enough to explain 
the deportment of the crystal in a magnetic field and also to 
produce the molecular distortion which accompanies the tran¬ 
sition from the liquid to the crystalline state. 

Tyndall examined more than one hundred different crystals. 
The importance of his results can best be judged by quoting 
one or two examples. He remarks (p. 24): “ If a prism of 
sulphate of magnesia be suspended between the poles with its 
axis horizontal, on exciting the magnet, the axis will take up 
the equatorial position. Ihis is not entirely due to the form 
of the crystal; for even when its axial dimension is shortest, 
the axis will assert the equatorial position ; thus behaving like 
a magnetic body, setting its longest dimension from pole to 
pole. 

“ Suspended from its end with its axis vertical, the prism 
will take up a determinate oblique position. When the crystal 
has come to rest, let that line through the mass which stands 
exactly equatorial be carefully marked. Lay a knife-edge 
along this line, and press it in the direction of the axis. The 
crystal will split before the pressure, disclosing shining surfaces 
of cleavage. This is the only cleavage the crystal possesses, 
and it stands equatorial. 

“ Sulphate of zinc is of the same form as sulphate of mag¬ 
nesia, and its cleavage is discoverable by a process exactly 
similar to that just described. Both crystals set their planes 
of cleavage equatorial. Both are diamagnetic. 

“ Let us now examine a magnetic crystal of similar form. 
Sulphate of nickel is, perhaps, as good an example as we can 
choose. Suspended in the magnetic field with its axis horizontal, 
on exciting the magnet the axis will set itself from pole to pole; 
and this position will be persisted in, even when the axial dimen¬ 
sion is shortest. Suspended from its end, the crystalline prism 
will take up an oblique position with considerable energy. 
When the crystal thus suspended has come to rest, mark the 
line along its end which stands axial. Let a knife-edge be 
laid along this line, and pressed in a direction parallel to the 
axis of the prism. ' he crystal will yield before the edge, and 
discover a perfectly clean plane of cleavage. 

hese facts are suggestive. The crystals here experi¬ 
mented with are of the same outward form ; each has but 
one cleavage; and the position of this cleavage, with regard 
to the form of the crystal, is the same in all. The magnetic 
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force, however, at once discovers a difference of action. The 
cleavages of the diamagnetic specimens stand equatorial; of the 
magnetic, axial. 

Again, '* a cube cut from a prism of scapolite, the axis of 
the prism being perpendicular to two of the parallel faces of 
the cube, suspended in the magnetic field, sets itself with the 
axis of the prism from pole to pole. 

" A cube of beryl, of the same dimensions, with the axis 
of the prism from which it was taken also perpendicular to 
two of the faces, suspended as in the former case, sets itself 
with the axis equatorial. Both these crystals are magnetic. 

" The former experiments showed a dissimilarity of action 
between magnetic and diamagnetic crjrstals. In the present 
instances both are magnetic, but still there is a difference; 
the axis of the one prism stands axial, the axis of the other 
equatorial. With regard to the explanation of this, the follow¬ 
ing fact is significant. Scapolite cleaves parallel to its axis, 
while beryl cleaves perpendicular to its axis ; the cleavages in 
both cases, therefore, stand axial, thus agreeing with sulphate 
of nickel.” 

The above quotation clearly shows how closely allied are 
the forces of cohesion in different directions, with the ms^etic 
behaviour of the crystalline medium, and lead us to suspect 
that the forces of crystallisation are probably of a magnetic 
nature. The fine points are so completely explained by the 
magnetic deportment that it is difficult to dissociate the co¬ 
hesive forces from a magnetic origin. If the cohesive forces 
had an electrostatic origin, an electrostatic field would only 
disclose the above information regarding the orientation of 
the planes of cleavage providing the magnetic and electro¬ 
static axes of the molecules coincided. This we know is not 
the case. Again, A. W. Porter and D. K. Morris l^Proc. Roy. 
Soc., A, vol. Ivii, p. 469, 1895) have shown that in paraffin, 
dielectric hysteresis (as distinct from viscosity), under the 
influence of a powerful electrostatic field, does not exist to 
within one part in fifty thousand. If the molecules of the 
dielectric were held together by electrostatic forces, we should 
expect that here, if in any substance, the molecular groups 
would be reorganised by the applied field, the process being 
accompanied by h3?steresis. In the corresponding cases of 
ferro-magnetic substances, under the influence of a magnetic 
field, considerable hysteresis effects are observed. In dia¬ 
magnetic media, we could hardly hope to observe any appre¬ 
ciable effect, since the molecule has initially a zero magnetic 
moment and only orientates an account of its dissymmetry, 
after the small diamagnetic moment has been induced, thus 
giving rise to a minute magnetic double refraction. (Langevin, 
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Le Radium^ vol. vii, p. 251, 1910. Cotton and Mouton, Ann. 
d6 Chim. et de Phys., 8, vol. xix, p. 155, 1910.) 

Atomic Magnetism. —The additive nature of the diamagnetic 
property will now be considered. Pascal {Ann. de Chim. et 
de Phys., vol. viii, p. 19, 1910) has shown that in the case of a 
large variety of organic compounds, the sum of the atomic 
susceptibilities of the component atoms is equal to the mole¬ 
cular susceptibility of the compound, providing the compound 
does not contain any one of certain types of peculiarity such 
as the benzene and naphthalene nuclei, an ethylene linkage, 
etc. In any case, if the atomic susceptibility ^ of a component 
element be the molecular susceptibility of the compound 

then 

— ^Xa + ^ 

where X is a constant, for a given series of compounds, having 
a definite peculiarity of structure. 

The atomic susceptibility of hydrogen is — 30*5 x io~'’, that 
of carbon — 59*5 x io“^. It is not a little remarkable that the 
differences of molecular susceptibilities of a series of hydro¬ 
carbons, whose constitutions differ by the group CHj, is always 
very nearly —120 x lo"’’, i.e. the sum of the susceptibilities 
of one carbon and two hydrogen atoms in the elementary 
state. It appears that the addition of one or more atoms, 
or of a group of atoms, adds a definite amount of diamagnetism 
to the compound, at least in so far as the hydrocarbons are 
concerned. Complications are foimd, however, in compounds 
containing oxygen, nitrogen, etc., which behave differently 
according to the positions of such atoms in the molecule, but 
even in these cases the effect of carbon, hydrogen or CH», 
is as described above. The author has shown (Proc. Roy. 
Soc., A, vol. xcv, p. 58,1918) that if the electron in the hydrogen 
atom rotate with a frequency corresponding to the line H„ 
then the magnetic moment of the orbit of radius io“® cms., 
which gives an atomic susceptibility of — 30*5 x lo"^ is equal 
to 16*3 X 10“®®, which is nearly equal to the moment of the 
magneton,* as derived from ferro-magnetic considerations. 
In the light of these results it seems that in considering the 
atomic constitution of the molecule due regard must be paid 
to m^etic effects. (See also a paper by Sir J. J. Thomson, 
Phil. Mag., April 1919.) 

* Atomic susceptibility = susceptibility per gram ot element 

X its atomic urmgbt. 

Molecular susceptibility » susceptiMlity per gram of compound 
X its molecular wei{^t. 

* Ibe magneton is an mEpeiimmitally derived unit of magnetism, obtained 
by Wdss, bom measurements oxi the saturation intensities of ms^etisation 
of a number of fenKHtnagnetic elements and alloys. 
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In many cases, there is no semblance of an additive law, 
as is well shown by the metallic oxides. Again, iron and 
nickel are very magnetic, yet iron carbonyl (Fe(CO)6) and 
nickel carbonyl (Ni(CO)4) are diamagnetic.* No explanation 
of such effects is at present in sight, unless, perhaps, the effect 
of chemical combination causes in special cases a redistribu¬ 
tion of electron orbits, or possibly even an electron transfer, 
so that the molecule as a whole acquires a zero m^;netic 
moment. Such does not appear to be the case, however, in 
the non-conducting hydrocarbons, and here, probably, the 
local magnetic force plays a predominant part (Part 4). 

Certain extensions of this work have been made, dealing 
with the origin of spectral series and optical activity, the latter 
being dependent upon right- and left-handed electron revolu¬ 
tions. Lack of space prevents more than a mere reference to 
these effects in the present article. 

Conclusion. —The satisfactory explanation of many difficult 
points met with in stereo-chemistry and in connection with 
the periodic law appears to be possible only by ^ving due 
consideration to both the magnetic and electrostatic forces; 
the former predominating in some cases, the latter in others. 
(See also A. L. Parson, Smithsonian Miscell. Collections, vol. Ixv, 
p. I, 191S, and I. Langmuir, Joum. American Chemical 
Society, vol. xli, p. 868, 1919.) In any case it is clear that the 
magnetic forces cannot be ignored, even when the electrostatic 
forces do predominate, and the complete theory has yet to 
appear which shall give to these two types of force the relative 
prominence which the experimental data demand. The 
arguments which have been advanced show that the complete 
theory must (i) account for the molecular structure of crystals 
and the preservation of indivisable valencies as they are Imown 
to the chemist; (2) explain the close connection which exists 
between orientations of the planes of cleavage and the deport¬ 
ment of crystals in a magnetic field ; (3) be consistent with a 
spacial distribution of diirected valencies, such as are required 
by stereochemistry; (4) account for the additive nature of 
the diamagnetic property in non-conducting compomids; 
(S) be consistent with the absence of dielectric hysteresis. 

* A. E, Oxley, Proc, Cam. Phil. Soe., vol, xvi. p. 102. 



THE DISTRIBUTION OF CHEMICAL 
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Science has reached another milestone on its road toward an 
understanding of nature. This mark is the completion or near 
completion of the system of matter as expressed in the periodic 
law of the chemical elements. Perhaps no other natural law, 
save some astronomical laws, has been so fully established. 
From its early conception about fifty years ago by Newlands,* 
Mendeleeff,* and Lothar Meyer,’ it has had various fortunes, 
enthusiastically supported by some, and despised by others* 
on account of its fragmentary nature. There have been three 
great discoveries of recent decades which have helped to perfect 
the system and eliminate the many gaps appearing in the 
original table. 

The discovery of the rare gases of the atmosphere ’ revealed 
a group of elements which are entirely inert and enter into no 
diemical combination. After several years of discussion they 
were finally jilaced into a zero-group of the periodic system.* 
In this position they revealed themselves as a missing link 
between a strongly negative halogen and a strongly positive 
alkalimetal, for their electro potential is assumed to be ± 
Thus a continuous line or series of the elements was formed 
when they were arranged according to increasing atomic weight. 

The discovery of the radio-active elements ’ established 

1 Chem. News, 1864, vol. x, pp. 59, 94 ; 1866, vol. xiii, pp. 113, 130. 

s Suss. Chem. Ges., 1869, vol. i, pp. 60, 229 ; Ber. ii, p. 553, 1869. 

* Ann. Chem. Pharm., 1870, vol. vii, p. 354. 

* E.g. Ostwald. Lehrbuch, 2 Anil., Bd. i, pp. 137 and 1117 ; WyronbofiE, 
Chem. News, 1896, voL Ixxiv, p. 31; Wilde, Compt. Rend., 1898, vol. cxxvii, 
p. 613. 

* Ramsay, HayMgli, Travers, Cleve, and others. 

* Thomson, Zeit. Anorg. Chem., 1895, vol. ix, pp. 190, 283; Dedey, Chem, 
News, 1895, voL Ixxii, p. 297 ; Wilde, Chem. News, 1895, vol. Ixxii, p. 317 ; 
1896. vol. bBdii, p. 33 : Spwber, Zeit. Anorg. Chem., 1897, vol. xiv, p. 164 ; 
C 3 wm. News, vol. Ixxvii, p. 87; Ramsay, Ber., 1898, vol. xxxi, p. 3111; 
Crookes, Zeit. Anorg. Chem., 1898, vol. xviii, p. 72 ; Howe, Chem. News, 1899, 
vol. Ittx, p. 74. 

* Cmi^ Sdimidt, Dehiem^ Ruihietfbrd, Soddy, Marckwald, Fajans. 
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a number of elements of high atomic weight which disintegrate 
or break apart, and thus led to the conclusion that, under present 
tenrestrial conditions, elements of higher atomic weight cannot 
exist. Therefore the radio-active elements indicate the upper 
limit of the periodic system. 

The continuity and upper limit of the system of matter thus 
revealed, it remained, before the system became complete, to 
determine how many individual members there are, and how 
many of the gaps may be due to undiscovered elements. This 
problem was solved by the discovery of the high-frequency or 
X-ray spectra, which permitted the assigiunent of atomic 
numbers to the chemical elements, ‘ and thus indicated that 
between hydrogen (atomic number i) and uranium (atomic 
number 92) only five elements—namely, those of atomic num¬ 
bers 43, 61, 75, 8$, and 87— have not yet been found. • 

With this gradual completion of the periodic system there 
came the realisation, based upon a study of the properties of 
the elements, that the periods are not of equal length, but 
become longer,* This fact furnished further evidence for the 
completeness of the system, for it has been shown that no more 
than six noble gases, from helium to niton inclusive, are possible, 
and that therefore all the elements of electro potential ± cc are 
known, and can serve as the terminals of the periods.* 

The scientific epoch which comes to a close by the recognition 
of the system of matter, showing that there are ninety-two 
different t5q)es of atoms, interlaps the new epoch which searches 
for means of determining the constitution and the structure of 
these ninety-two types of atoms. No matter what the results 
of this inquiry, the term “ element ” for the building-stones of 
the universe will remain, modified, however, by the conception 
of subatomic structure, and perhaps the assumption of a single 
“ protyle ” or “ urstoff.” The writer may be pardoned if he 
attempts at this time to take an inventory of the known dis¬ 
tribution of these “ bricks ”—^the chemical elements—^followed by 
some thoughts concerning the practical use of such knowledge. 

The painstaking and excellent work of F. W. Clarke' has 

1 Moseley, Phil. Mag., 1913, vol. xxvi. pp. 1924 ff.; de Broglie, Compt. 
Rend., 1914, vol. cKx, pp. 304 S.; Higgs, Phil. Mag., 1914, vol. xxviii, p. 139; 
Rydberg, Phil. Mag., 1914, vol. xxviii, p. 144; Siegbalm and Eri emanti , PhU. 
Mag., 1916, vol. xxxi, pp. 403 ff. 

* Asfrophys. Journ., 1918, vol. xlviii, p. 241; Amer. Joum. Pharm., 1918, 
vol. xc, p. 478. 

* E.g. Baischinsky, Zeit. Phys. Chem., 1893, vol. xliii, p. 372; Werner, 
Ber., 1905, vol. xxxviii, p. 914 ; Adams, Joum. Amer. Chem. Soe., xgii, vol. 
xxxiii, p. 648; HacKh, Weltwissen, 1915, vol. iii, p. 63; HaiMns, Joum, 
Amer. Chem. Soc., 1916, vol. xxxviii, p. 169. 

* Amer. Joum. Science, 1918, vol. xivi, p. 481. 

* Clarke, " Data of Geoci»emistry,” 17.5. Survey, pull. 
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enriched chemical literature with a valuable table of the es¬ 
timated distribution of the chemical elements upon the known 
crust of the earth—that is, the lithosphere, or solid crust extend¬ 
ing to a depth of ten miles; the hydrosphere, which includes 
the oceans and lakes; and the atmosphere, which embraces the 
gaseous envelope. Clarke’s table is given in percentage of weight, 
the figures therefore simply state, e.g., that oxygen forms about 
SO per cent., and hydrogen 0-9 per cent., of the weighty of the 
known terrestrial matter, and they therefore contain just as 
much information as the statement that water contains 88*89 
per cent, of oxygen and i i*i i per cent, of hydrogen. To arrive 
at the chemical meaning of these numbers—that is, the propor¬ 
tions of the atoms concerned—these values must be divided by 
the atomic weight. Thus if w is the percentage or mass, and 
A the atomic weight, then m/A = x, where x is the relative 

g roportion of the atoms. Taking the most abundant twenty- 
ve elements, it was found that the value x for Bromine was the 
lowest, namely, *000125 J and using this arbitrarily as unity, the 
values for the relative abundance a of the atoms were calculated 
by the simple equation x 1-00012$ = a. These new values give 
a further insight into the distribution of the chemical elements. 
They are, arranged as to their magnitude, as follows : 

O . 349.850 Mg. 6,835 Ti .714 N . 171 V . 23 
H . 75,312 Ca . 6,422 Cl . 451 Ma. 116 Li . 22 

Si . 72,860 Fe . 3,982 FI . 421 Ba . 46 Sr . 16 

A 1 . 21,528 K . 4,660 P . 283 Cr .46 Zr . 13 

Na , 8,200 C . 1,199 S . 274 Ki . 26 Br . I 

These values of the relative abundance of the atoms indicate, 
e.g., that for each bromine atom there are about 250,000 oxygen 
atoms and 75,000 hydrogen atoms, while, e.g., for each carbon 
atom there are about 250 oxygen atoms and 75 hydrogen atoms, 
A comparison with Clarke’s table of percentages reveals the 
most striking fact that hydrogen advances from the ninth to 
the second place, making the proportion of 0 :H as 10:3. This 
interpretation of the distribution seems to give a better view 
of the importance of the elements. 

It is significant that all the important elements have a low 
atomic weight, for they all fall between the atomic numbers 
1 to 28, or atomic weight i to 58,6. Furthermore, the same 
elements all enter into life, with the exception of titanium 
(which so far has not been reported as being present in the living 
organism). For the elements of the biosphere quantitative 
data are meagre; it is possible, however, to select two types for 
which the ultimate composition has been calculated—namely, 
man as representative of the mammals,* and the long-leaf pine * 

* Haekk, Jowm. Gm. Physiology, 1919, vol. i, p. 429. 

* I 4 ttte, /owm. Ini. En^. Chem., 1916, vol. riii. p. 102, 
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as representative of the gymnospermous plants. The presence 
of the elements in the respective spheres, together with the 
qualitative composition of meteorites,^ is illustrated by the 
fi^re, which is based upon the modified periodic table.' It 
will be noticed that all the important elements occupy neigh¬ 
bouring positions in the periodic system, and that the few 
important elements of higher atomic weight are near the group 
of the inert noble gases. Most characteristic is the fact that 
there are only four elements (H, O, N, C) which are in all 
spheres. These are the well-known bio-elements, which form 
from 97-99 per cent, of all living matter. The possibility of 
millions of different compounds of these elements, together with 
the ever-growing complexity of organic compounds revealed by 
modem investigations, has led to the development of a system 
of structure S3nnbols ® wholly based upon these four elements. 
A similar quartet of elements (Na, Mg, Al, Si) is found on the 
other side of the noble gases ; these are third to sixth in order 
of abundance, for their oxides form the basis of all the rock- 
forming compounds of the solid earth crust.^ 

These eight elements form a prominent centre around which 
the elements next in importance are closely grouped. Six 
more elements—namely, Fe, Ca, K, Cl, P, and Ni—are necessary 
to bring the percentage of ^stribution in all four spheres, 
including the meteorites, close to or above 99 per cent. By 
substituting S for Ni, the list will contain the fourteen funda¬ 
mental elements which not only make the bulk of the known 
matter, but also are the essential elements of every material 
science, whether biology or geology, pharmacy or metallur^. 

What is the significance of these data ? Does it point to 
a material evolution in the universe? An evolution more 
fascinating by its apparent universality, for our earth, being 
not isolated, but an integral although insignificant part of the 
cosmos, must partake in cosmical evolution. Is the abundance 
of elements the earmark of a state of evolution? As there 
are in celestial objects indications of a stellar evolution, whose 
stages are recognised by the spectra revealing the abundance 

^ Farrington, Field Columbian Museum, Chicago, Publ. 120 and 151; 
Harkins, Proc. Nat. Acad. Sciences, 1916, voL ii, p. 216. 

® Hackh, Journ. Amer. Chem. Soc., 1918, vol. xl, p. 1023. 

» Can. Chem. Joum., 1918; vol. ii, p. 135 ; Science, N.S., 1918, vol. xlviii, 
P* 333 J Chem. News, 1919, vol. cxviii, p. 289. 

* These four elements (Na, Mg, Al, Si), having a valency of 1, 2, 3 and 4 
respectively, could also be made the basis for a system of structure symbols. 
However, as we know at present Jittle or nothing of the structure of silicates, 
this proposal is somewhat premature. Nevertheless the writer could not 
refrain from pointmg out this possibility, with the suggestion that both sys¬ 
tems of structure symbols can jointly be used by differentiating the atoms of 
Na; Mg, Al, Si with circles. 
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of certain elements, their sequence following in general the 
periodic system, so the abundance of terrestrial elements may 
indicate the earth’s stage of evolution 1 Where is the evidence 
that the chemical properties and physical characteristics of 



what we call to-day, e.g., sodium was the same eons ago, and will 
be the same eons hence ? ^ Where is the evidence that our life 

* " Old Age of Chemical Elem^ts," Science, N.S., vol. xlix, I9i9> P< 328 >' 
A Fosailde Source of Coaioical Energy," Science, N.S., voh 1,1919, p. 2^2. 
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based upon carbon is the only possible one in the universe, and 
that a life based upon silicon cannot exist? In short, what does 
this grouping together of the most important elements mean ? 


EXPLANATION OF FIGURE 


THE IMPORTANCE AND DISTRIBUTION OF ELEMENTS 


The importance of the elements is shown in a heavy, double, or single 
circle around the S3nnbol and the atomic number. 

The distribution of the elements is shown by letters: 


A and a = 
H ,, 

L ,, / = 
M „ m = 
B 


occurrence in atmosphere, abundant and less abundant. 
„ „ hydrosphere, abundant and less abundant. 

„ „ lithosphere, abundant and less abimdant, 

„ „ meteorites, abundant and less abundant. 

„ „ biosphere, abundant and less abundant. 


(For an explanation of the new periodic table, see also Joum. Amer .Chem, 
Soc.t 191S, vol. xi, p. 1023 ; Amer. Joum. Science, 1918, vol. advi, p. 481; 
Astrophys. Journ., 1918, vol. xlviii, p. 241.) 
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Ever since the general acceptance of the theory of evolution, 
biologists have been attempting to discover the method by 
which evolution has taken place. Certain experimental studies 
of the Protozoa that have been carried on in the laboratories 
of the Johns Hopkins University in Baltimore, Maryland, 
U.S.A., throw some light on this subject, and some of the 
results and conclusions of these investigations will be discussed 
in the following paragraphs. 

Many investigators have shown that selection is ineffective 
as a means of changing the genotypic constitution of plants 
and animals when practised on self-fertilised plants, on plants 
reproducing by tubers or cuttings, and on animals reproducing 
by parthenogenesis, budding, and fission. Among the animals 
in which this has been found to be true is the ciliate protozoon 
Paramoecium (Jennings, 1908 ; Ackert, 1916). 

The data presented below, however, all indicate that by 
selection it is possible to isolate heritably diverse strains 
within a family of protozoons derived by fission from a single 
specimen without the intervention of conjugation. The in¬ 
vestigations described are—(i) heritable diversities in fission 
rate in Stylonychia pustulata, by Middleton (191S); (2) heritable 
diversities in shell size, spine number and spine length, and 
number of teeth in Difflugia corona, by Jennings (1916); 
(3) heritable diversities in spine number, shell size and form, 
and mouth size and form in Centropyxis aculeaia, by Root 
(1918); and (4) heritable diversities in shell size, spine number, 
shape of mouth, and size and number of nuclei in four species 
of Arcella, by Hegner {1918, 1919a, 1919b, 1920). 

Stylonychia pmtulata, which was used by Middleton in his 
experiments, is a ciliate infusorian that divides, at a tem¬ 
perature of 70® F., about twice per day. It was found that 

60S 
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specimens produced by fission by a single parent differed in 
their rate of division as indicated in Fig. i. * 

Specimens were isolated on hollow-ground slides and 
carefully maintained under uniform conditions. An attempt 
was made to obtain a “ high line,” in which the fission rate 
was rapid, by selecting generation after generation the offspring 
of specimens that divided most quickly; and a ” low line,” 
in which the fission rate was slow, by selecting for further 
reproduction the offspring of specimens that divided slowly. 
Selections were thus carried on for 130 days, during which the 
differences in the fission rate between the two lines gradually 
increased until it averaged 21*2 per cent. During this period 



the number of generations produced in the h^h line averaged 
183, and in the low line 122 (Fig. 2). The next problem was 
whether these high and low lines were heritably different, or 
would undergo complete reversion, as had been shown to occur 
in other organisms by many investigators. Accordingly, 
some of the members of the high line and some of the low fine 
were, from time to time, cultivated without selection. The 
difference in the two lines persisted as lor^ as they were main¬ 
tained without selection (102 da3rs), and the diversity in 
fission rate thus seemed to be inherited and to have been built 
up by means of small heritable variations. At the conclusion 
of the series of experiments the h^h and low lines were again 
subjected to selection, but in the reverse direction; slowly- 

* For an eacplaaation of these figures see the end the article. 
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dividing specimens in the high line and rapidly-dividing speci¬ 
mens in the low line were selected generation after generation. 
This type of selection was also found to be effective, and the 
original high line became the slower one, and the original low 
line became the faster. The difference in fission rate was 
here likewise found to be heritable, since it persisted when 
the specimens were cultivated without selection. In order 
to be certain that heritable diversities in fission rate were not 
restricted to the descendants of one parent, but were character¬ 
istic of the species in general, another “ wild ” specimen was 
studied, and similar selections were practised on its descen- 



Fig. a. 


dants. The results in ev^ way resembled those already 
described. By selection, high and low lines, with respect 
to fission rate, were obtained in which the difference gradually 
increased as selection progressed, and this difference was shown 
to be heritable, since it persisted through fifty days of non¬ 
selection, followed by conjugation, and then through fifteen 
days more of non-selection. The final conclusions are that in 
Stylonychia pustulafa heritably diverse lines may be derived 
by selection from a single specimen dividing by fission; that 
these new lines (genot3rpes) have resulted from the accumu¬ 
lation of small heritable variations ; ^ and that the selection of 
such variations is effective for evolution in this species. 
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Jennings (1916) used the fresh-water Rhizopod Difflugia 
corona for his investigations of heredity, variation, and the 
results of selection in uniparental reproduction. The same 
problems as stated above were involved and similar methods 
were used in the experiments. Difflugia corona possesses a 
shell consisting of particles of sand fastened together by a 
secretion produced by the organism. As shown in Fig. 3, 
it has six characteristics suitable for selection work: (i) 
diameter of the shell; (2) depth of shell; (3) diameter of 
mouth; (4) number of teeth; (5) number of spines; and 
(6) length of spines. Specimens were brought into the labora¬ 
tory and reared on hollow-ground slides under uniform con¬ 
ditions. They exhibited the following variations : (i) diameter 







of shell, 107-280 microns; (2) depth of shell, 107-201 microns; 
(3) diameter of mouth, $6-^8 microns ; (4) number of teeth, 
0-21 ; (s) number of spines, 0-14 ; (6) length of spines, 0-149 
microns. The presence of diverse strains in nature was deter¬ 
mined by the rearing of large numbers of specimens from single 
parents. For example, in one line containing 117 specimens 
the spine number ranged from o to 6, whereas in another line 
of 261 specimens the spine number ranged from 4 to 12. 
Ranges in variation of other characters were as follows: 
nun3>er of teeth, one line of 5 5 specimens, from 12 to 17; another 
line of 52 specimens, from 9 to 11 ; diameter of shell, one line 
of 40 specimens, from 121 to 145 microns; another line of 
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66 specimens, from i68 to 240 microns; spine length, one 
line of 23 specimens, from 9 to 46 microns; another line of 116 
specimens, from 46 to 149 microns. When measurements of 
these characters were compared, it was found that correlations 
often existed within the various lines; for example, larger 
specimens usually have a greater number of spines and teeth, 
and larger spines than smaller members of the same line. 
Different lines, however, differed in these correlations, indi¬ 
cating that certain of the diverse hereditary characters vary 
independently. The number of heritably Averse lines that 
occur in nature is therefore very large. 

Selection was carried on with several lines ; the most 
valuable results were obtained from one line which was con¬ 
tinued over a period of 252 days, and contained 4,645 speci¬ 
mens. The basis of selection used was chiefly past performance. 
For example, when an attempt was made to obtain high and 
low lines with respect to spine number, all members in one 
line (the high line) were kept that had many spines, and that 
produced offspring with many spines. If a specimen of the 
high line that possessed many spines persisted in giving rise 
to offspring with only a few spines, it was discarded. Similarly, 
members of the low line were discarded if they produced 
progeny with many spines, although they themselves possesse4 
none or only a few spines. Extensive experiments with this 
large line resulted in the isolation by selection of heritably 
diverse strains. The diversities occurred with respect to 
number of spines, length of spines, number of teeth, and 
diameter of shell, and since the last three named varied inde¬ 
pendently, a large number of heritably diverse strains were 
obtained (Fig. 4). While these heritable diversities apparently 
were brought about gradually by small heritable variations, 
larger changes were observed which might be brought under 
the definition usually given to the word “ mutation.” For 
example, in one line with an average diameter of about 190 
microns, one specimen appeared that was about 40 microns 
larger than the others ; the descendants of this specimen were 
likewise about 40 microns larger than the other members of 
the line. ' 

Root’s (1918) investigations on inheritance in asexual 
reproduction were carried on with the fresh-water Rhizopod, 
Ceniropyxis acuUata (Fig. $), a species resembling Difflugia 
corona in many respects. His work is not so extensive as 
that of Jennings, but confirms certain results obtained by the 
latter. It was first shown that diverse strains exist in nature. 
The descendants of one “ wild ” specimen had on .the average 
about 6 spines, and divided on the average once every 6 days j 
whereas <those of another ” wild ” specimen aver^^ed 1 *4 
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spines, and divided once every ii days. Diversities in the 
size of the shell and of the mouth and in number of spines 
were found to be inherited. The 1,277 descendants of one 



Fiq. 4. 


‘‘ wild ” specimen were used to determine whether diverse 
lines could be isolated by selecting, on the one hand, individuals 
with a low spine number, and on the other hand those with a 
high spine number. As a result two diverse lines were obtained 



Fio. 5. 


(Fig. 6). The average spine number before selection was 
begun was 2*67 ; that of the high line reached, and maintained 
after selection was discontinued, an average spine number of 
2*75 ; whereas that of the low line decreased to 1-76. Root 
does not consider the isolation of these heritable diversities 
as invalidating the “ pure-line ” hypothesis, since we may 
40 
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assume that each specimen “ inherits, in general outlines, the 
genetic constitution of its species; in smaller details, that of 
its pure line; in still more minute details, that of its indi¬ 
vidual parent; and yet may differ from this parent in some 
hereditary points.” 

The researches of the writer (Hegner, 1918, 1919a, 1919^, 
1920) on four species of the genus Arcella are in accord with 
those described above, but carry the investigation further, in¬ 
volving the relations between nucleus, chromatin, and cytoplasm, 
and shell characteristics. 

Two very interesting biological theories involved in these 
studies are those of Minot (1908) and of Hertwig (i903)> 
regarding the problems of growth, cell-division, old age, senes¬ 
cence, physiological degeneration, and death. These theories 



are based on the idea that the nucleus is the dynamic centre 
of the cell. The nuclear membrane is considered as scmi- 
permeable, allowing a constant but selected flow of materials 
from the nucleus into the cytoplasm and vice versa. Involved 
in the theory is also the idea expressed by Sachs in 1892, and 
the following year by Strasburger in a slightly different form. 
According to Sachs, the nucleus and that part of the cytoplasm 
that falls within its ” sphere of influence ” make a morpho¬ 
logical and ph3rsiological unit. He proposed the term ‘ ‘ energid ’' 
for such a unit. Strasburger (1893) also recognised a limit 
to the distance through which the metabolic interchange 
between nucleus and cytoplasm could take place, and was 
able to show that in the cells of certain plants the ratio between 
nuclear size and cell size was fairly constant. He accounted 
for cell-division on theihypothesis that, when the cytoplasm had 
increased so as to extend beyond the working sphere of the 
nudeus, the normal ratio was regained by the division of both 
nudeus and cytoplasm into two. The nudeo-cytoplasmic 
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relation theory as we now know it is largely due to the in¬ 
vestigations carried on by Richard Hertwig and his students. 
Hertwig (1903) came to the conclusion that in every cell under 
normal conditions there is a definite relation between the 
quantity of cytoplasmic and nuclear materials, which he called 
the “ Kernplasmarelation.” According to Hertwig, the mag¬ 
nitude of the K/P (nucleus/cytoplasm) ratio determines vital 
processes such as growth, division, senescence, and physio¬ 
logical degeneration. The latter, for example, result from an 
abnormal mcrease in the ratio {i.e. in the growth of the nucleus); 
and certain rhizopod and ciliate protozoa in which this con¬ 
dition was induced by overfeeding either died, or else regained 
the normal ratio by direct elimination of nuclear material or 
by conjugation. The intervals between successive divisions 
were divided by Hertwig into two periods: (i) a period of 
“ Funktionelle-wachstum ” during which the cytoplasm grows 
more rapidly than the nucleus, leading to an abnormal K/P 
ratio; and (2) a period of “ Theilungs-wachstum ” during which 
the normal K/P ratio (the “ Kemplasma-Norm ”) is regained 
by the rapid growth of the nucleus, and at the end of which 
cell-division occurs. The end of the period of functional 
growth, when the K/P ratio is abnormal, is the moment of 
“ Kemplasma-Spannung.” Many external and internal con¬ 
ditions are supposed to affect the normal K/P ratio. Thus 
Hertwig found that the ratio was increased if the organisms 
were subjected to low temperatures, and was diminished at 
higher temperatures. 

Many investigators have studied the nucleo-cytoplasmic 
relations in Protozoa and in Metazoa, confirming in part the 
conclusions reached by Hertwig and his followers. The 
work of Minot (1908), however, leads to a theory directly 
opposed to that of Hertwig. Minot finds that in segmenting 
eggs the amount of nuclear material increases as compared 
with the quantity of cytoplasm, and concludes that this increase 
is indicative of the process of rejuvenation. Rejuvenescence 
is thus revealed as an increase of the nuclear material, and 
senescence as an increase and differentiation of the cytoplasm. 
When applied to Protozoa, Minot’s theory requires, “ in those 
celb which are old, an increase in the proportion and in the 
differentiation of the protoplasm (cytoplasm), and consequently 
a diminution in the relative amount of nucleus ” (1908, p. 231). 

The theory offered by Hertwig to account for the various 
complex processes that occur during the life-cycles of the 
Protozoa appears at first quite plausible, but •will not -with¬ 
stand close analysis. The data are entirely inadequate to 
sustain the claims of the theory, but investigations of the 
actual relations of nucleus, chromatin, and cytoplasm to one 
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another, and their relations to external heritable characteristics, 
are very desirable. 

The two species of Protozoa that were chiefly used in my 
investigations are shown in Fig. 7. They belong to the 
class Rhizopoda and to the genus Arcella. Both species are 
provided with shells secreted by their protoplasm. 1'he 
pseudopodia (which are locomotor and food-capturing pro¬ 
trusions) are thrust out through a circular opening in the 
centre of the under-side. The species Arcella dmtata is char¬ 
acterised by the presence of two nuclei, which can be seen 
through the shell in the living animal, and by a circlet of spine¬ 
like projections around the periphery which vary in number 



Fia 7. 


from 7 to 20. The diameter of the shell ranges from about 
100 to 150 microns. Arcella polypora, the other species 
studied, lacks these spines, but possesses a variable number 
of nuclei ranging, in nature, from 3 to 13. The shell in this 
species varies in diameter from 73 to 327 microns. Some of 
the advantages of these organisms for nucleo-cytoplasmic 
studies are as follows : they multiply rapidly by simple division ; 
their morphological characteristics are definite and easily 
measured ; they are large enough to be conspicuous when 
placed under a binocular microscope ; they withstand severe 
operations ; they can easily be cultivated; and their nuclei 
and other cell contents can be observed and measured through 
the shell of the living animal. There is space available here 
only for the statement of certain results of these investigations ; 
but it is believed that the conclusions reached are based on 
adequate data. 

Arcella dentcAa .—It was found that many strains exist 
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within this species in nature. For example, from one specimen 
with 10 spines, 148 descendants were obtained by fission; 
these had a spine number ranging from 8 to 14, and a mean 
spine number of 11 •04. By way of contrast, another specimen 
was the progenitor of 39 descendants which varied in spine 
number from 12 to 16, and had a mean spine number of I4"07. 
Extensive measurements revealed the fact that a definite 
size, as indicated by the diameter of the shell, is a very 
constant character of the specimens that have descended 
from one progenitor. Furthermore, when spine number and 
diameter of shell were compared, it was discovered that these 
two characters are very closely correlated, and that the greater 
the diameter the larger the number of spines. Thus specimens 
with 10 spines had a mean diameter of 112 microns; those 
with 11 spines had a mean diameter of 114 microns; those 
with 12 spines had a mean diameter of 118 microns, etc. A 
large family containing S>SS7 specimens and representing 69 
generations was reared in the laboratory from a single specimen 
by vegetative reproduction (fission). Selection as regards 
spine number and diameter was practised within this family 
by preserving on the one hand those specimens that had few 
spines and were small in diameter, and on the other hand those 
specimens that had many spines and were large in diameter. 
By this means two heritably distinct branches were isolated 
within this family; the members of the larger branch had a 
mean spine number of 11*48, whereas those of the smaller 
branch had a mean spine number of 10*32; and these differ¬ 
ences persisted for many generations after selection was dis¬ 
continued (Fig. 8). It was concluded from these data that 
the diversity obtained within this family represented a change 
in the germ-plasm, and that evolution had thus been observed 
in these small organisms in the laboratory. 

These measurements prepared the way for experimental 
studies of nucleus and cytoplasm. As shown in Fig. 7, 
Arcella dentata possesses two nuclei. These nuclei are almost 
invariably located on opposite sides of the mouth opening as 
indicated. They are of the vesicular type, the chromatin 
being concentrated in the centre of the nucleus as a spherical 
mass. Both the nuclei and the chromatin mass within them 
were observed and measured while the specimens were alive. 
The ability of these organisms to withstand severe operations 
is quite remarkable, and many cutting experiments were 
performed with them. Specimens, when cut into two or even 
four pieces, continued to live and reproduce, and the part of 
the shell that was cut away was in no case regenerated. When 
a binucleate parent is cut in two so that each half contains 
a single nucleus, the halves produce uninucleate descendants 
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for a varying number of generations (Fig. 9). These uninu¬ 
cleate specimens are smaller than the original parent, but 
resemble each other in size and spine number. For example, 
a binucleate specimen with 13 spines and a diameter of 150 
microns was cut in two, and its uninucleate halves produced 
209 descendants which had an average spine number of 10*48, 
and an average diameter of 26*45 microns. These uninucleates, 
after a few generations, regained the binucleate condition, and 
as soon as this occurred the diameter and spine number of the 


BeEore 
selection 
39 days 
7geaJ 
198 spec. 


Six sdeetion periods 
64 days 
22 generations 
1218 specimens 


Four‘nonselection periods 3 selection periods 
35 days 23 days 

18 generations 15 gen., 

1325 specimens 722 specimens 


Non- 
selection 
periods 
11 days 
7 gen. 
224 spec. 



specimens increased very quickly to that of the original bi¬ 
nucleate parent. Operations of this kind were performed 
many times, and in all 757 binucleate and uninucleate speci¬ 
mens were measured and recorded. In every case the results 
were similar to those just described. The conclusion reached 
is that each nucleus in a binudeate Arcella is associated with 
a definite (quantity of cytoplasm; that the quantity that 
comes -mthin the sphere of influence of a single nudeus may 
be obtained by determining the mass of cytoplasm within a 
iminudeate spedmen. This mass is doubled when the bi- 
nudeate condition is regained. 
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With these data in mind, a plausible h3rpothesis imme¬ 
diately suggests itself to account for the differences in size 
and spine number between different strains of these organisms. 
This hypothesis is that the quantity of chromatin within the 
nucleus determines the limits of the reactions of the nucleus 
with the cytoplasm, and that the greater the chromatin mass, 
the greater the quantity of cytoplasm associated with it, and 
the larger the specimen will be that contains it. Since the 
chromatin mass can be measured, and its size determined, 
this hypothesis could be tested. It was so tested and found 
to be correct. For example, the chromatin masses of specimens 





belonging to a small family were measured, and a corresponding 
number from a large family, with the following results ; 

Ho. of 
Specimens 
measnred. 

Small Family . 40 

Large Family . 40 

As the hypothesis demands, the quantity of chromatin 
within the nuclei of the small family is less than that within 
the nuclei of the large family. The differences in size among 
the families reared from single “ wild ” specimens appear, 
therefore, to be due to differences in the quantity of chromatin 
present in them. Similarly, the difference in size and spine 
number between the two branches of the large family described 
above are probably also due to a diversity in chromatin mass, 
although the origin of this diversity is problematical. 

Arcella polypora.—Th& characters of this species of Arcella 
that were studied are diameter, nuclear number, and chromatin 
mass. As in Arcella dentata, families of this spedes reared 
from single “ wild ” specimens by vegetative reproduction 


Average 
Diameter 
m Microns. 

II2 

150 


Average Spine 
ITvazxber. 

9*91 

14-25 


Comparative 
Diameter of 
Clixamatin Mass 
in Units. 

35-66 

47-82 
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differed in the characters mentioned. First a study was made 
of the number of nuclei and the diameter of the shell. Two 
representative families will be described here. In family $ 
the nuclear number ranged from 3 to 7. Specimens with one 
and with two nuclei were obtained by cutting trinucleate 
specimens in two. Changes in nuclear number within the 
members of the family were continually taking place. Thus 
a specimen with 3 nuclei sometimes produced offspring with 
4, S, or 6 nuclei, and a specimen with s nuclei sometimes gave 
rise to descendants with 3, 4, 6, or 7 nuclei. The most striking 
phenomenon revealed by these organisms was the close cor¬ 
relation between nuclear number and size. In every case, 
when an increase in nuclear number occurred, it was accom¬ 
panied by an increase in the size of the specimen, and, likewise 
a decrease in nuclear number always was accompanied by a 
decrease in size. The members of family 34 were provided 
with from S to 10 nuclei. Changes in nuclear number were 
accompanied by changes in size as in family 5, but the members 
of family 34 with a certain number of nuclei were always 
smaller than those in family 5 with the same number of nuclei. 
The differences are indicated in the following table : 


Ko. of Average Diameter of Specimens 

in Microns. 



Family 3. 

Family 54 * 

X 

82 


2 

86 


3 

109 


4 

XI3 


5 

X20 

105 

a 

127 

Z06 

7 

130 

IZ2 

s 


ZI6 

9 


X20 

10 


125 


These results led to a study of the chromatin masses within 
the nuclei of members of the two families, and to the conclusion 
that in this species, as in Atcella dentata, size depends upon the 
quantity of chromatin present. Measurements of the chromatin 
masses of specimens in families s and 34 showed that in both 
families a certain size is correlated with a certain amount of 
chromatin, and that increases and decreases in size are accom¬ 
panied by corresponding increases and decreases in clxromatin 
mass. The following table shows that this is true : 

Average 

Diameter of Chromatin Mass in cjnm. 

SheUin 

MIcroiis. Family 5 . Family 34 * 

I12'I9 781*76 831-88 

116*67 977*20 950-72 

125*56 IJ72'64 1188-40 
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The measurements (see both preceding tables) show, for 
example, that, as a rule, specimens that are about 112 microns 
in diameter possess 4 nuclei in Family 5, and 7 nuclei in Family 
34, but that the quantity of chromatin in each nucleus of the 
specimens in Family s is greater than that in each nucleus of 
the specimens in Family 34, and that the total quantity of chro¬ 
matin in such specimens in Family 5 is approximately the 
same as in those in Family 34. The conclusion is inevitable 
that in these organisms each nucleus is associated with a rather 
definite quantity of cytoplasm, and that the quantity^ of cyto¬ 
plasm varies directly as the quantity of chromatin within the 
nucleus. Why the chromatin masses should be smaller and 
more numerous in specimens of one family (34) than in those 
of the other family (5) is a problem still unsolved. 

Senescence and Death in Arcella dentata. —^During the course 
of the experiments with Arcella dentata, certain data were 
obtained that seem to favour Minot’s theory, that senescence 
and death are due to an excess in the amount of cytoplasm as 
compared with that of the nucleus. From a line containing 
relatively small specimens (Fig. 8 , ed) —specimens averaging 
loi microns in diameter and 9*91 in spine number—^a branch 
line (Fig. 8 , edb) was derived, consisting of enormously large 
specimens avera^g 153 microns in diameter, and 17*54 in 
spine number. These large specimens received particular 
attention, but in spite of every care they all died after several 
generations. In the meantime, measurements of their chronoatin 
masses were made, and these were found to be almost exactly 
equal in size to those in the small specimens firom which they 
were derived. Death in this case may have been due to the 
failure of the chromatin masses to increase along with the cyto¬ 
plasm, and hence due to an excess of cytoplasm over chromatin. 

Chromidia in Arcella.—PuceXia. is one of the first organisms 
in which extra nuclear granules, now known as chromidia, 
were discovered. A band of these granules was described 
by R. Hertwig in 1887, and the same investigator twelve 
years later (Hertwig, 1899) recorded the formation of secondary 
nuclei from this “ extra-nuclear chromatin net.” These nuclei, 
according to Elpatiewsky (1907). become the centres of amebulae 
of two sizes, which are macrogametes and microgametes, 
and which conjugate in pairs. The conjugation of the entire 
chromidial nets of pairs of Arcellas was reported the following 
year by Swarczewsky (1908). Chromidia have been described 
in many groups of Protozoa, and seem to play an important 
part in their life-cycle. For this reason it seems worth while 
to mention the apparent lack of influence of this extra-nudear 
chromatin during the bisection experiments performed on 
Arcella dmtaia. These experiments demonstrate that, when 
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from one-tenth to three-fourths of the entire chromidial net 
is removed, the descendants of the part that remains invariably 
attain the normal condition of the family. When a large 
Arcella is bisected and both nuclei are present in onc-half, 
the other half, without nuclei, always dies within a few days 
without any visible attempt on the part of the chromidia to 
form new nuclei. This is true even when only the nuclei are 
removed and all the cytoplasm is left in the shell. The evidence 
justifies the conclusion that the chromidia play no r 61 e in vegeta¬ 
tive reproduction, and at this time have no influence upon the 
size of the organism nor upon the characteristics of the shell. 

All the evidence derived from these extensive and inten¬ 
sive investigations of Arcella indicates a definite quantitative 
relation between nucleus, or rather chromatin, and cytoplasm. 
This evidence was obtained by accurately measuring these 
materials in the living organisms, and is therefore more depend¬ 
able than similar measurements of fixed and stained tissues. 
Present theories of the reactions between chromatin and cyto¬ 
plasm, with their widespread influence on the biological and 
medical science, are based on insufiicient and often erroneous 
data. This situation can be improved by the direction of 
investigators to the study of fundamental cell problems with 
living organisms. 

Co«c/«s*o».—The investigations described above all,prove 
that in five species of Protozoa {Stylonychia pustulata, Difflugia 
corona, Centropyxis aculeata, Arcella dentata, and A. polypora) 
heritably diverse branches may be isolated from the descen¬ 
dants of a single specimen obtained by asexual reproduction. 
These heritably diverse branches resemble the diverse strains 
that in each case were shown to exist in nature. The latter 
may probably have originated in nature in a similar manner. 
The chromatin-cytoplasmic studies of Arcella dentata and of 
A. polypora are of particular interest because they deal with 
the internal changes that accompany the differences in external 
heritable characteristics. The correlation of these external 
heritable characteristics, with the quantity and distribution 
of the chromatin within the cell, is a considerable step forward 
in our knowledge of the method of evolution. These researches, 
however, leave many interesting problems for future investi¬ 
gations, but “ to travel hopefully is a better thing than to 
arrive, and the true success is to labour." 
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EXPLANATION OF FIGURES 

Fig. X.—Stylonychia pustulata. Diagrams of successive fissions among the 
progeny of a single specimen illustrating the variations in fission rate. 
The left side of the figure traces a series of ** fast ” selections, the 
right side a series of " slow selections, showing that at a given moment 
we may have, among the progeny of a single parent, individuals of the 
fourth and of the second generation. (From Middleton, 1915.) 

Fig. 2.—Stylonychia pustulata. Curves indicating the difierence in rate of 
fission between *'fast*' lines (continuous line) and '"^ow" lines 
(broken line). (From Middleton, 1915-) 

PiQ, 3._ Difflugia corona. T3rpical specimens from five different strains, 

showing the character of the diversities observed. (From Jennings, 
1916.) 

Fig. corona. Typical specimens from five h^tably diverse 

brandies of a angle family, diovring difierences in size of body and 
length of spine. (From Jennings, 19x6.} 
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Fig. 5. — Centfopyxis acuUata, T^rpical specimens from three different 
strains. (From Root, 1918.) 

Fig. 6.— Centropyxis aculeaia. Typical representatives of the high and low 
branches obtained by selection within a single strain, (From Root, 
1918.) 

Fig. 7.—A. Arcella dentata. Surface view of a typical specimen, with 
eleven spines and a diameter of 116 microns. (From Hegner, 1919.) 
B. Arcella polypora. Surface view of a typical specimen, with six 
nuclei and a diameter of 119 microns. 

Fig. 8.— Arcella dentaia. Diagram showing the most important heritably 
diverse lines derived from a single specimen by fission. The character 
used was spine number. The letters indicate the designations of the 
lines, and the numbers are the mean spine numbers. (From Hegner, 
1918.) 

Fig. 9.— Arcella derdata, a. Binucleate specimen, with 13 spines and 
diameter of 150 microns, with line showing where it was cut in two, 
B. Uninucleate specimen, with 9 spines and a diameter of 112 microns, 
produced by one-half of the binucleate a. c. Binucleate specimen, with 
13 spines and a diameter of 152 Microns, descended from the uninucleate b. 
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THE SILENT ZONE IN EXPLOSION 
SOUND-AREAS 

By CHA.ELES DAVISON, Sc.D.. F.G.S. 

Various explosions during the present century have revealed 
a phenomenon which has an important bearing on the mode in 
which sound is transmitted by the atmosphere. In some great 
explosions, though not in all, the sound-area consists of two 
detached portions. One portion, the inner sound-area, sur¬ 
rounds the source of sound. The other, the outer sound-area, 
is at its nearest point from fifty to a hundred miles or more from 
the source. Between them lies a tract—^the silent zone—withdn 
which the sound is rarely or never heard. 

The accompanying maps will give some idea of the forms and 
positions of these sound-areas. In each map, the source of 
sound is indicated by a small cross, and the boundaries of the 
sound-areas are represented by the dotted lines. 

Fig. I represents the silent zone and outer sound-area of the 
minute-gun fired at Spithead on February i, 1901, when Queen 
Victoria’s body was borne from the Isle of Wight to Portsmouth. 
Owing to the general absence of observations firom the sea- 
covered district, no attempt can be made to map the inner 
sound-area. Its boundary, however, certainly passed within 
a very few miles—^possibly within one mile—^to the north of 
the line of battleships. Then, still farther to the north, there 
lay the broad silent zone, within which not a sound of the re- 
poits was heard. Indeed, the nearest point on land at which 
they were recorded is fifty miles from Spithead. From this 
point, there spreads outwards the great outer sound-area, the 
sullen booms being unusually loud from sixty to ninety miles 
from Spithead. Even more than a hundred miles away, the 
reports were noticeable, the greatest distance being 139 miles 
towards the north-east. In the south of Hampshire, the wind 
at the time was mainly from the shore ; in the outer sound-area, 
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the air was more nearly calm, but what wind there was came 
from a southerly direction. * 

The sound-areas of the great munitions explosion which 
occurred in East London on January 19, 1917, are drawn more 
completely, and with much greater accuracy. They are shown 
in Fig. 2. The inner sound-area contains 3,390 square miles, and 
is of unusual form. It is distorted in two directions, extending 
to the east-south-east as far as Canterbury (48 miles from East 



Fio. I. 

Sound-area of Spithead minute-gun$, February x, xpox. 


London), and to the north-west as far as Wellingborough (66J 
miles); while, towards the north-east and south, its boundary 
passes within 20 and 19 miles respectively of the ruined factory 
at Silvertown. The outer sound-area is of greater extent. Its 
length from near Nottingham to the east coast of Norfolk is 
131 miles, and the area covered by it is 5,000 square miles. 
The most distant place at which the explosion was audible is 
128 miles from East London. The width of the intervening 

1 " Oa Uie Audibility of the Minute-guns fired at Spithead on February i, 
igoi," KumUigi, vol, sociv, 1901, pp. 124-5. 
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silent zone varies from 28 miles at the western end to 48 mil^ 
close to the eastern coast, while the outer margin of the zone is 
comprised between distances of 65 and 95 miles from the source. 
Over the greater part of the sound-area, the air was either still 
or there was a light wind from the north-east.* 

The sound-areas of a very different kind of explosion are 
represented in the remaining map. Fig. 3. From the plateau 
which occupies the centre of the main island of Japan rises 



Sound-areas of East London explcsioni January 19 , 19 x 7 . 


the Asamayama, one of the greatest of Japanese volcanoes. Its 
return to activity during the present century, after a long in¬ 
terval of quiescence, has been distinguished by a series of ex¬ 
plosions, the loudest of which are heard for a hundred miles or 
more from the volcano. In the explosion of December 25, 
1910, the double sound-area was noticed for the first time in 

^ *' The Sound-waves and other Air-waves of the East London Explosion 
of January 19,1917,” Edinburgh Royal Society Proceedings, vol. xxxviii, 1918, 
pp. 113-29; see also the Quarterly Review for July 19x7, pp. 31-60. 

t 
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Japan. Both areas, it will be seen from Fig. 3, are elongated 
from north to south, the Asamayama itself being close to the 
western boundary of the inner area. The distance from the 
volcano of the nearer margin of the outer area is 5^4 miles. * 

Properties of the Silent Zone 

(i) As a rule, the silent zone is free from all sound of the 
explosion, but, here and there within it, there may be places at 
which the reports are heard by one or more persons. The 
silent zone is then, strictly speaking, a zone of diminished 



audibility. For instance, in the dynamite explosion which 
occurred on the Jungfrau railway in 1908, the reports were 
heard on isolated mountain-summits within the silent zone. 
In the East London explosion of 1917, the boom was heard at 
Ipswich, five miles to the south of the outer sound-area ; pos¬ 
sibly also at Uppingham and Lilford in the narrow and more lofty 
western end of the silent zone. In addition to the sound-waves 

1 F. Omoii, "The Eruptions and Earthquakes of the Asamayama," 
BuUefin of the Ewthguahe Investigation Committee, vol. vi, 191a, pp. 1-147 : 
vol. vii, 1914, pp. 1-215; " Ihe Sakurarjima Eruptions and Earthquakes," 
ihiA., v(ri» viM, 1916, pp. 35-179. 
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of this explosion, there were other air-waves, inaudible to man, 
but manifested by the shaking of windows and the quivering 
of trees on which pheasants were roosting. These air-waves 
evidently travelled along a somewhat less lofty course than the 
sound-waves. They spread, not only over the two sound-areas, 
but aci;oss tiI6 intervening silent zone, at the western end of 
which their effects were frequently noticed. There can be 
little doubt, I think, that, if the sound-waves had taken a lower 
path, the report would have been heard right across this end 
of the zone. Ihe two sound-areas would then have coalesced, 
and the silent zone would have been merely a deep gulf in a 
continuous sound-area. An explosion at Kobe, in southern 
Japan, on April 3, 1910, seems to have provided a sound-area 
of this t3q)e, but the observations are insufficient to place the 
matter beyond doubt. 

(2) The number of explosions in which the form of the sound- 
area has been traced i5>comparatively small. In Europe, the 
silent zone has been mapped seven times during the present 
century—^namely, for the Spithead minute-guns on February i, 
1901, an explosion of dynamite at Forde (Westphalia) on Decem¬ 
ber 14, 1903, of nitroglycerine at Hayle (Cornwall) on January 
S, 1904, of dynamite on the Jungfrau railway on November 15, 
1908, and of gunpowder at Wiener-Neustadt on Jime 7, 1912, 
the bombardment of Antwerp on October 8,1914, and the muni¬ 
tions explosion in East London on January 19, 1917. On the 
other hand, no trace of a silent zone has been discerned in the 
sound-areas of the Spithead naval reviews of July 17, 1867, and 
June 26, 1897, the Avigliana (Northern Italy) explosion of Janu¬ 
ary 16, 1900, or the Cherbourg naval review of July 17, 1900. 

In Japan, Prof. Omori has studied the sound-areas of 
twenty-two important explosions of the Asamayama, from 
1910 to 1913, and he finds that single sound-areas and double 
sound-areas occur with equal frequency. Of the single sound- 
areas, nine were those of explosions which occurred in the six 
winter months, and two of explosions in the six summer months ; 
of the double sound-areas, ten were those of explosions in the 
summer half of the year, and one of an explosion in the winter 
half. 

The materials are perhaps insufficient to lead to any general 
law. It is clear, however, that the silent zone is not present in 
all explosion sound-areas, that roughly in great explosions it is 
absent as often as it is present; and it would seem probable that 
in European explosions it is chiefly manifested in the winter half 
of the year, and in the Japanese volcanic explosions in the 
summer half. 

(3) A third property of the silent zone, of no less significance 
than its intermittent existence, is the positions of the two 
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sound-areas with regard to the source of sound. It is only m 
the third of the accompanying maps that the normal relations 
are clearly shown. For the Spithead minute-guns (Fig. i), the 
inner sound-area cannot be mapped. In Fig. 2, the form of 
this area is exceptional. As a general rule, the source of sound 
lies close to one side or one end of the inner area (as in Fig. 3), 
and the outer sound-area lies, not in the direction of greatest 
extension of the inner area, but in exactly the opposite direction. 

That direction, as will be seen from the maps, is by no means 
uniform. The outer sound-area lies to the north of the origin 
for the Spithead minute-guns and the East London explosion, 
towards the east in the Fbrde and Hayle explosions and the 
Antwerp bombardment, and towards the west in the Wiener- 
Neustadt explosion. In the Japanese volcanic explosions, it 
lies on the west side of the Asamayama, but on the north side 
of the Sakura-jima in the south of the empire. 

How closely the directions of the Asamayama sound-areas 
are connected with the direction of the wind in the upper atmo¬ 
sphere has been clearly shown by Prof. Omori. 'I he colunm of 
ashes from the volcano is shot up to a height of two or three 
miles, to a region of the air in which the wind is generally from 
the west. The ashes are thus carried in an easterly direction, 
and are deposited along a narrow band, sometimes as much as 
one hundred miles in length. The boundary of tne inner sound- 
area may be deformed slightly by local winds, but, as a whole, 
the area is arranged more or less S3anmetrically about the band 
of ashes. 

There is no hard-and-fast rule binding the position of the 
outer sound-area with regard to the direction of the ashes-zone. 
But it is noticeable that, when the ashes are carried due east, 
the centre of the outer area lies to the west of the Asamayama. 
When the ashes drift to the east-south-east, the centre of the 
outer area is shifted towards the north; and, when they are 
borne to the east-north-east, the centre is deflected to the south. 
Thus, as a rule, the direction of the outer area is nearly opposite 
to that in which the band of ashes is drawn out by the wind. 

(4) The dimensions of the silent zone, and especially those 
of its outer boundary, have an important bearing on the origin 
of the zone. The mean radius of the boundary varies between 
rather wide limits. In European explosions it may be as low 
as go miles (Spithead minute-guns), or as high as 112 miles 
(Jungfrau railway explosion). In the volcanic explosions of 
Japan, the distance lies between 54 and 105 miles, or about the 
same limits as in Europe. The average of all known measure¬ 
ments of the outer radius is 87 miles. 

(5) One more property, not so much of the silent zone as of 
the outer sound-area* may be noticed. Considering its distance 
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from the source, the intensity of the sound heard within that 
area is extraordinary. At 84 miles from Spithead, the reports 
of the minute-guns in 1901 were so loud that men labouring; Ir 
the fields stopped their work to listen. In the East London 
explosion, the sound at no part of the outer area was so loud 
in the immediate neighbourhood of the ruined factorj'; but 
the area of moderate loudness within it was nearly three times 
as great as that within the inner sound-area. 


Origin of the Silent Zone 

If the sound-waves vrere to travel continuously along or 
close to the ground, they would be audible over the \vhole 
district to the farthest point reached by them, and there would 
be no silent zone. If they were to follow' a course not far above 
the -ground, secondary waves would spread downw’ards from 
their lower edges, and would be heard here and there by persons 
who are capable of hearing low sounds of slight intensity. 
Thus, the mere existence of the silent zone is evidence that the 
sound-waves cross it by an elevated route ; and, to discover the 
origin of the silent zone, we have to ascertain the cause or causes 
which lead the sound-waves to desert the neighbourhood of the 
^ound at the boundary of the inner area, and afterwards return 
in but slightly diminished strength to the outer sound-area. 

It is well knowm that, in the neighbourhood of the ground, 
the velocity of the wind increases with the height. If a sound¬ 
wave were travelling along the ground in any direction inclined 
to the horizon, the effect of this increased velocity would be to 
tilt the upper part of the wave forward if it were advancing with 
the wind, and backward if against it. As the wave travels in 
a direction at right angles to its surface, it follows that the sound¬ 
waves are tilted upwards if moving against the wind, and soon 
pass over the heads of observers on the ground. In the opposite 
direction, waves at first proceeding on an upward course are 
deflected downwards, and are therefore heard along the ground 
to a much greater distance than in the opposite direction. 

The diagram (Fig. 4) is designed to represent approximately 
the paths of the sound-waves. The dotted lines are supposed 
to be everywhere at right angles to the surfaces of the waves, 
and therefore to represent sound-ra3rs indicating at any point 
the direction in which a wave is moving. They are drawn with¬ 
out regard to scale or exact form. The object of the diagram is 
simply to represent the facts that, if the velocity of the wind 
increases upward, the sound-rays proceeding with the wind are 
concave, and those against it convex, towards the ground. In 
the line below the diagram, o represents the source of sound, 
OA the range of the sound with the wind, ob the range against it. 
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As every part of the region from a to b receives sound-rays, 
it is clear that, under such a condition of wind, there can be no 
silent zone. 

If, on the other hand, the velocity of the wind were to de¬ 
crease upward, the sound-rays would be curved in the opposite 
directions. Those with the wind would be convex, and those 
against it concave, towards the ground. The diagram (Fig. 4) 
will represent the corresponding sound-rays, except that the 
arrow showing the direction of the wind should be reversed, 
while OB will represent the range of sound with the wind, and 
OA the range against it. There would, again, be no silent zone. 

Now, let us suppose that the velocity of the wind increases 
with the height up to a certain level, and then continually 
decreases, there being no change in the direction of the wind. 


Olraetlon ot Wina 
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Fig. 4. 

Biagram showing the course of the sottnd<4ays when the velocity of the wind increases with the altitude. 


Below the level ll at which the change takes place, the form 
of the sound-rays would be as in Fig. 4, the rays a (Fig. 5) being 
those with the wind, and the rays b those against it. Above 
the level ll, the form of the rays would be, as in Fig. 4, reversed, 
the ra3rs c with the wind Would become convex, and those d 
against it concave, towards the groimd. The foimer (c), it will 
be seen, rise upward and are lost in the upper air. The latter 

(d) return to the level ll, and, entering the lower atmosphere 

(e) , become convex again towards the ground. Thus the course 
of the sound-rays would be roughly as shown in Fig. 5. In the 
line below the diagram, o represents, as before, the source of 
sound, OA the range of sound in the inner area with the wind, 
and OB the range gainst it, bc the width of the silent zone, and 
CD that of the outer soimd-area. The corresponding map of 
the sound-areas would resemble very closely that shown in 
Fig. 3 ; for the source of sound occupies a place within the 
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inner area not far from that side from which the wind comes> 
and the outer sound-area also lies on that side of the source 
which is opposite to the direction of the wind. 

One other point is worthy of notice before leaving this dia¬ 
gram. It is evident that many of the sound-rays (c) proceeding 
with the wind enter the upper atmosphere and are lost to 
observers on the ground. In the opposite direction, a large 
proportion of the sound-rays (d, e) finally reach the outer area ; 
and this perhaps accounts for the extraordinary intensity of 
the sound which is developed within the outer area as compared 
with that near the margins of the inner area. 

If the temperature of the air and its velocity at every point 
were known, it would, of course, be possible to calculate exactly 
the form of the lines shown in Fig. 5. But, as we are ignorant 
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Fig. 5. 

Diagram showing the course of the soond-rays when the velocity of the wind first increases^^and then 
« decreases as the altitude increases. 


of these essential data, all that we can do is to make certain 
assumptions, which, so far as we know, do not differ very widely 
from the truth. Taking certain values which are of not un¬ 
common occurrence for the rates of increase and subsequent 
decrease of wind-velocity, and for the height at which the change 
takes place, Mr. S. Fujiwhara, a Japanese mathematician, finds 
that the outer boundary of the silent zone would lie about 
seventy mUes from the source of sound, a distance whick does 
not differ materially from that observed in some explosions. 

The atmospheric conditions are not always, perhaps not 
often, so simple in character as those described above. Soine- 
times the wind remains nearly steady in direction and velocity 
up to heights, it may be, of four or five miles or even more. Or 
the velocity of the wind may decrease upwards ; and, in both 
(^es, we could not expect to find a silent zone developed. Fre¬ 
quently, also, as mayibe seen by watching the movements of the 
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higTier clouds, great changes and even reversals in the direction 
of the wind may take place in the lower or upper regions of the 
atmosphere. Such conditions favour the production of a silent 
zone. On the whole, taking all the various conditions into 
account, Mr. Fujiwhara has shown that a silent zone should be 
manifested quite as frequently as a continuous sound-area. 

Mr. Fujiwhara has also considered the relations which exist 
between the state of the weather and the forms of the sound- 
areas in Japan. Under normal winter conditions, he finds that 
the sound-areas should be single, but that under abnormal 
conditions, when cyclones exist to the north, east, and south of 
the volcano, there might be a silent zone. In summer, on the 
other hand, the usual conditions would favour the production 
of a silent zone, and the exceptional conditions the occurrence 
of a continuous sound-area. 



NOTES 


Awards for Medical Discovery. 

Science Progress has frequently referred to the need which exists for 
some form of awards for successful medical investigations. In our last 
two numbers it was stated that a strong Conjoint Committee of the British 
Science Guild and the British Medical Association had been formed to 
consider the matter, and that this Committee had asked Sir Ronald Ross, 
one of its members, for a report. The report was duly presented, and was 
fully accepted by the Committee on December 22, 1919, with the emendation 
that the State should give £zq,ooo a year for the awards suggested, instead 
of the ;fi5,000 advised by Sir Ronald Ross, and with some small adjustments. 
The final report of the Committee will be found in Nature, January 8, 1920, 
and in the Lancet, January 10. 

We now place upon record here, for convenience of reference. Sir Ronald 
Ross*s original report to the Committee, together with copies of two letters 
to The Times of about the same date in which he explained the subject to 
the general public. These are placed first because they afford a brief purview. 

From “ The Times/* December 10, 1919 

Sir, —Now that the war has awakened the nation to the value of medical 
discovery, considerable attention is being given to the question as to how 
best to stimulate still quicker advance in the future. The subject is of 
importance to every living person, and indeed to generations unborn; and 
I therefore hope that you may be able to spare me some little space in which 
to set forth my own analysis of the matter for consideration by others. 

The object is to encourage successful research wherever possible. Not 
one, but two ways of doing this are open to us. The first is to help those 
who are willing to undertake research, but cannot afford to do so, by pro¬ 
viding laboratory accommodation, working expenses, and part-time or 
whole-time salaries. Much in this line has already been done here and abroad 
by establishing research-scholarships, and even fully-paid appointments, 
either confined to research, or with only small teaching duties attached; 
and since 1914 the Medical Research Committee has been expending in this 
way an annual grant of about £$0,000 provided by Parliament—^with results 
that are well known. Similar grants have also been given for many years 
past by the Royal Society and other learned bodies. 

Everyone will approve of this expenditure; but it is made on the principle 
of payment for prospective benefits. Research is generally a lottery—^it 
may or may not succeed, and the money thus granted may or may not be 
lost. Hence the Committees concerned seldom (and rightly) allot the funds 
except for researches on simple and straightforward questions admitting 
of immediate reply, thus greatly limiting the fields of inquiry. Moreover, 
the grants are often short-timed, and axe sometimes withdrawn just as good 
results are beginning to emerge; while, lastly, even enthusiastic workers 
often feel that they are losing time which might be expended much more 
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lucratively for themselves in professional practice, and therefore desert 
their investigations before completing them. 

Now, nearly all the greatest medical discoveries were made on quite 
another basis. The investigations were not subsidised in any way; they 
were not originated or directed by committees; they were not limited to 
a year or two; they were often entirely changed in course and objective by 
some chance observation; and they sometimes lasted for half a hfetime 
before success was achieved. In fact, most of the greatest medical discoverers 
were practising medical men who conducted their researches during their 
own leisure and at their own expense^—^for example, Kiichenmeister, Jenner, 
Simpson, Lister, Koch, Laveran, Bancroft, Manson, Bruce, Mackenzie, and 
a score of others. Much of the best work has been due to mere clinical 
observation, and more to hard thinking; both of which require neither 
laboratories nor subsidies. I submit, then, that it would be wise for my 
country to encourage this great kind of work also; by pa3dng, not only 
for prospective benefits, but for benefits actually received. 

Look at it from another point of view. We have some 40,000 medical 
men, many of whom possess the brains, knowledge, time, and opportunity 
for research. Some of them already make such clinical observations as 
tend to improve practice and to enhance clinical reputation. But the 
more difficult medical investigations usually require an immense expendi¬ 
ture of time, energy, and thought, which, if bestowed upon clinical practice, 
would harvest considerable pecuniary reward, but which, even if they 
result in capital discoveries, may notoriously bring in no professional 
remuneration whatever. For example, Jenner's researches on vaccination 
lost him his practice, and would have ruined him, but for the fact that 
Parliament was in those days (1802 and 1807) wise enough to pay him com¬ 
pensation. Similar cases exist to-day—without the compensation. I have 
often heard it asked. What would not the world give to him who should 
discover the cure of consumption or cancer ? My answer is—^Nothing. 
Honours perhaps ; but similar or greater honours are given for professional 
eminence of a much less important class; and people usually enter the 
medical profession in order to make a living. Is it to be wondered at, then, 
that medical men hesitate before plunging into abstruse life-long labours 
which may never succeed at all, and wMch may ruin them even if they do 
succeed ? And I may add, is it a wonder that people stiU continue to die 
of consumption and cancer ? 

My suggestion is that Parliament would now be wise to give (in addition 
to its grant to the Medical Research Committee) the comparatively small 
sum of, say, £x^,ooo a year to be divided into life-pensions for distinguished 
medical discoveries already made, or which may be made in future. This 
sum would provide ten pensions of £500 a year each, and ten of £1,000 a 
year—sufficient to confer, not weall£, but independence and provision for 
old age; and would help to bring the whole profession (as well as other 
biological workers) into a national schane of research, which has as yet been 
only partly created by the grant to the Medical Research Committee. The 
awards would also discharge a moral obligation which the public owes to pro¬ 
fessional men who confer benefits upon it without other professional payment. 
I do not enter into details here because I am placing them before a Conjoint 
Committee of the British Science Guild and the British Medical Association 
which has been formed to consider the subject, and of which I am a member; 
but I should like to call public attention to the scheme in general outline. 

I think, also, that the precedent of .Jenner ought to be resuscitated, so as 
to allow of compensation by Parliament for direct pecuniary loss incurred 
by a worker during the process of successful but unremunerative investiga¬ 
tions ; and have indeed made efforts in this direction myself, but hitherto 
without result* 
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Lastly, we should, I think, plead for similar awards for great work in 
literature, exploration, and indeed all branches of Science and Art; that is, 
for work which has been of value to the general public without being remunera¬ 
tive to the worker himself. The nation allows patents, and rewards soldiers, 
sailors, and inventors. If this principle be sound, it should be extended 
to other classes of work; and if genius be one of the greatest assets of a 
people, then something should be done, more than is done at present, to 
direct it towards the noblest objects. 

I am, sir, yours faithfully, 

Ronald Ross. 

Decemler 8, 1919. 

From ** The Times,** Decemher 24, 1919 V 

Sir, —^My scheme for the encouragement of medical discovery by State 
awards has received considerable attention since you were so good as to 
publish my letter on the subject in The Times of December 10. Many of 
your readers will therefore, I believe, be glad to learn that the scheme has 
been approved by the Conjoint Committee to which I referred; and is 
being submitted to the proper authority for action ; and you will doubtless 
receive the Committee's report in due course. 

A contemporary of yours, while it gives welcome support to my sugges¬ 
tion, doubts whether the present time is appropriate for asking Government 
for grants. But surely this is supposed to be the great period of reconstruc¬ 
tion, and matters of life and health should, I think, head the programme. 
I asked for £15,000 a year to be distributed in life-pensions among men who 
have actually benefited the Empire by important medical discoveries: one- 
thousandth part the sum proposed to be allotted for aeronautics; one- 
twentieth that which Parliament grants to its own members, or provides for 
political and legal work; one-quarter what it gives as a subsidy for 
current medical investigations ; and less than the income of many wealthy 
individuals. 

But I argue that there is also a point of honour involved. Is it right 
for a great empire to accept the wide benefits of medical discovery from 
private professional men without making the smallest attempt to give them 
professional payment in return ? If a patient owes a fee to his doctor, 
surely the nation owes similar remuneration to men whose investigations 
improve medical or surgical practice on a large scale. Yet since the time of 
Jenner this nation has given nothing whatever for such work. Like the man 
in the parable, the world has often fallen among thieves ; but after that Good 
Samaritan, the medical investigator, has bound up its wounds, the world 
forgets all about him, and does not even trouble to pay him back the two 
pence he advanced to the iimkeeper I My whole plea is that the world 
would be wiser to pay that little debt in future—as a premier obligation, 

I am, sir, yours faithfully, 

Ronald Ross. 

December 22, 1919. 

A Report on Rewards for Medical Discovery 

Presented by request to the Conjoint Committee of the British Medica 
Association and the British Science Guild on Awards for Medical Discovery, 
by Colonel Sir Ronald Ross, K.C.B., K.C,M.G., F.R.S. (Dated December 1. 

1919) • 

I. Definitions 

Medical Discovery may here be defined as being: 

(i) The ascertaiament of new facts or theorems bearing on the human 



638 SCIENCE PROGRESS 

body in health, and the nature, prevention, cure, or mitigation of injurie® 
and diseases of human beings. 

(2) The invention of new methods or instruments for the improvement 
of sanitary, medical, and surgical practice, or of scientific and pathological 
work. 


II, Itea&ons for Rewarding Medical Discovery 

These are: 

(1) To encourage medical investigation. 

(2) To discharge a moral obligation incurred by the public for its use of 
private effort. 


Ill, Various Possible Types of Rewards 

(1) Titles and honours given by the State, by ^Universities, and by other 
Public Bodies. 

(2) Prizes and Medals. 

(3) Patents. 

(4) Promotions and Appointments. 

(5} Pecuniary Awards by the State. 


IV, General Principles of Assessment 

It will probably be agreed that in the interests of the public all Medical 
Discoveries should, if possible, receive some kind of acknowledgment or 
recompense. But in view of the very variable conditions, nature, and ’ 
effects of particular investigations, it will often be difficult to assess the 
kind of recompense most suitable for each. I will therefore now set down 
my own analysis of the subject for consideration by the Committee. 

In the first place we should distinguish carefully between Compensation 
and Reward, By Compensation I mean an act of justice done for the purpose 
of reimbursement of losses; by Reward an act of grace in appreciation 
of services rendered. A plea for compensation is of course stronger than 
one for reward only. 

The following different cases should next be considered: 

(a) Discoveries involving pecuniary or other loss to an investigator, 
either by direct monetary sacrifice, or by expenditure of time, or by diminu¬ 
tion of professional practice, without corresponding pecuniary gains. A 
great example is that of Edward Jenner, who occupied himself so closely 
with the investigation of vaccination against smallpox that he lost most 
of his medical practice, and also considerable sums in expenses. The plea 
for compensation in such cases is unanswerable; and in 1802 and 1807 
Parliament fully acknowledged its obligations under this head by giving 
Jenner compensation in two sums of ;^io,ooo and £io,ooo, 

(b) Discoveries which have increased the professional emoluments of 
the investigator by enhanced practice, University or other appointments, 
or other means. Such are, frequently, improvements in surgical operations 
or medical treatment, which often lead to large practice. Another case is 
that of senims, etc., which have been patented and put on the market. Here 
compensation cannot be demanded, and pecuniary awards will, I think, be 
generally held to be unnecessary. On the other hand, honours are often, 
and justly, bestowed upon such work, 

(c) Discoveries which involve neither gain nor loss to the investigator. 
This class includes most of the good, and sometimes great, clinical, patho¬ 
logical, and sanitary discoveries acMeved in the world. Here also com¬ 
pensation can scarcely be demanded, and honours are already often given; 
but pecuniary awards should, I think, be sometimes bestowed as an act of 
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grace when the value of a discovery to the public (or to a Government) 
greatly exceeds the emoluments of the investigator, and I consider that 
this principle should hold even in the case of men who were directly paid 
ill advance for the researches which led to their discoveries—especially when 
such payment was (as usual) small, and the resulting discovery great. 

The following particular cases, which sometimes occur, should be specifi¬ 
cally noted; 

(1) Men who have refused lucrative posts in order to complete their 
researches. 

(2) Men who have refused to patent their work for fear of limiting its 
application. 

(3) Men who have carried out investigations for Governments for little 
or no payment, on patriotic grounds. 

The following considerations must generally be borne in mind: 

(а) Honours (which are always much esteemed) are usually given as 
much (or more) for clinical success as for medical discoveries, though the 
latter possess a far wider influence and application than the former do. 

(б) When given for clinical work or for discoveries under Class B, honours 
often confer distinct pecuniary advantages by enhancement of practice; 
but for discoveries under Classes A and C, they have no such efiect, and 
I have even heard of cases where they tend to reduce emoluments by un¬ 
fitting recipients for certain posts. 

(c) Most people enter the medical profession (at considerable expense) > 
not only from altruistic motives, but also in order to make a living; and 
it is usually only at a later period that they take up scientific investigation— 
either from a sense of duty, or from predilection, or merely because a good 
opportunity offers. When, therefore, a man finds that his scientific work, 
however successful and important it may have been, has actually yielded 
him less emolument than he might have obtained from ordinary clinical 
work, he feels naturally disappointed; and his experience prevents young 
men of ability from following his example, and therefore tends to check the 
prosecution of studies which are of the liighest value for humanity, 

(d) In the public interest, then, I think that the Committee should insist 
jipon the principles: 

(1) That no medical discovery should be allowed to entail financial loss 
upon him who has made it. 

(2) That the compensation or reward which he deserves should be assessed 
as being equal to the difference between the emoluments which he has actually 
received, and those which he might reasonably expect to have received i£ 
he had devoted all his time to a successful dinical practice. 

This is obviously the principle which was accepted by Parliament in the 
case of Jenner in 1802 and 1807—^to whom, however, I think Parliament 
gave both compensation and reward. 

Additional reasons for insisting upon this principle are; 

(1) That few medical discoveries are patentable. 

(2) That such discoveries seldom give good grounds for promotion or 
for administrative appointments in the public services. 


F. Particular Assessments 

Whether a particular discovery should receive a large or small assess¬ 
ment will depend, not only on the considerations given above, but also 
on the following; 

(1) Width of Application .—For example, the work of many of the older 
anatomists, physiologists, and parasitologists, of Pasteur and of investigators 
of immunity, has affected most recent discovery. Discoveries on wide¬ 
spread diseases, such as the work of Lister, of Laveran, and of Koch, are 
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often, though not always, more important than those on more limited 
maladies. 

(2) Difficulty of the Work Done ,—^For example, the solution of a diflOicult 
problem requires more study, and therefore deserves more recompense, tlian 
a lucky chance observation. 

(3) Immediate Practical Utility ,strong plea for State remuneration 
can be made on behalf of cases of this kind, unless they come under Class 1>. 
It is strange that at present they never receive it—^while academical recog¬ 
nition is also often not forthcoming for them. (Of this I know many 
instances.) 

(4) Scientific Importance ,—^Discoveries which are not of present practical 
utility may become so at any moment, and should obviously be included in 
the scheme, if they are sound and of wide application. 

Medical discoveries made by persons who do not themselves belong to 
the medical profession should, I think, be included in all schemes of reward. 

Of course each case must be judged on its merits, and the assessment will 
not always be easy. 


VI, State Awards for Medical Discovery 

Honours, prizes, and medals, being bestowed by H.M. the King, or by 
public bodies and learned societies, are acts of grace which are generally 
given after much consideration; and I presume that the Committee does 
not propose to consider them. But the subject of pecuniary awards lies 
entirely within its province. 

Considerable pecuniary awards are already sometimes given in foreign 
countries by various societies as the result of private generosity. The lead¬ 
ing example is that of the Swedish Nobel Prizes, amounting to about ;^8,ooo 
each. Of these, four are or may be bestowed annually—^namely, one each 
for Medicine, Chemistry, Physics, and Literature ; and the Nobel Committee 
has, I calculate, distributed about half a million pounds in this way through¬ 
out the world during the last eighteen years. But one such annual prize 
does not suffice for -^e whole of medical discovery. 

These prizes are given upon the principles of payment for benefits already 
received. But during the last few years the British Government has dis¬ 
bursed an annual grant of about £60,000, under the Medical Research Com¬ 
mittee, for subsidising progress, authorised by the Committee 

and carried on by workers selected by it. This grant docs not remunerate 
discoveries already made, but proceeds upon another principle, namely that 
of pa3naaient for prospective benefits, 

1 think that both principles are sound. But they apply to two dificreni 
classes of research, and are indeed complementary of each other. I’ayment 
for prospective benefits is good business only when some return is almost 
cert^; and for this reason subsidised researches must almost always deal 
with simple and straightforward questions, admitting of immediate experi¬ 
mental reply. But, as a matter of fact, most of the greatest medical dis¬ 
coveries were built upon a much more speculative and uncertain basis; 
and were achieved by men who were engaged at the time upon their ordinary 
medical duties in addition to their investigations, and who neither sought 
nor received subsidies for those investigations—as, for instance, Kiichenmeister, 
Jenner, Simpson, Lister, Koch, Laveran, Bancroft, Manson, Bruce, Mackenzie, 
and a score of olhers who have so greatly improv^ medic^ practice. Surely 
the State should encourage this class of investigation also—^partly because 
it costs the State nothing in the doing, and partly because it seems to achieve 
the greatest results. And there is only one way to encourage it—by paying 
for dfe<?Qveiios when made. Payment for benefits received is always not 
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only " good business,” but also a moral obligation. There are at present 
hundreds of medical men and others in this country who possess the know¬ 
ledge, the brains, and the opportunity for private independent discovery, 
without subsidies, but who do not attempt it because medical research does 
not pay even when brilliantly successful. Let these men also be brought 
into the fold of research by ofiering them some small reward when they 
succeed. 

I would therefore suggest that, in addition to assisting investigations in 
progress, it is proper for every civilised State to remunerate those of its sub¬ 
jects who have ^eady conferred the benefits of medical discovery upon 
it—just as it is proper for a wealthy patient to pay his doctor. And this 
policy will be not only an act of justice, but an act of wisdom. 

My proposals are, in detail: 

(1) That Parliament should resuscitate the precedent of Jenner by pajdng 
compensation, when due, for losses incurred in achieving medical discoveries. 
The procedure should be, as in Jenner's case, by direct petition to the House 
of Commons through the Chancellor of the Exchequer; and I am informed 
by high legal authority that nothing has happened since Jenner's time to 
invalidate such right of petition, which still belongs to all His Majesty's 
subjects. Possibly some cases might be open to adjudication by the Royal 
Commission on Awards to Inventors. 

(2) That Parliament should provide an annual sum, say of ;£i5,ooo, for 
life-pensions to be given as rewards to such of His Majesty's subjects as have 
made worthy medical discoveries, and to the widow of such after his death ; 
there being, say, ten pensions of £1^000 a year each, and ten pensions of 
£$00 a year each at disposal, all the pensions being free of income-tax. 

I think that such pensions would be preferable to donations in capital; 
and that the sums suggested would be sufficient—^because men of science 
do not desire wealth, but only such independence as will enable them to 
employ their talents in the manner they think best. 

The procedure of allotment should be similar to that used for the Nobel 
Prizes, and for the honours and medals of learned societies; that is, full 
particulars of the work of all applicants should be kept and considered. 

Parliament grants large subsidies to soldiers and sailors, has appointed 
a Commission to consider awards to inventors, and allows patents. It 
will not, I am sure, complain i£ the Medical Profession, which has done so 
much for the nation during the war, now asks for some similar consideration. 

VII, Conclusion 

The Committee requested me also to prepare a statement embodying 
a list of worthy medical discoveries as supplied to me by its members. I 
purpose to submit this list separately and confidentially as soon as it is ready. 
The present part of my report deals only with the general principles of the 
subject, and therefore might be considered first. 

(Signed) Ronald Ross. 


The Conjoint Committee 


For the British Science Guild 
Sir Alfred Keogh, G.C.B. 

Sir Ronald Ross, K.C.B., K.C.M.G. 
Prof. W. Bayliss, F.R.S. 

Sir Richard Gregory. 

Lt.-Col. O'Meara, C.M.G. 

Dr. D. SomerwUe. 


For the British Medical Association 
Sir T. CMord AHbutt, K.C.B., 
F.R.S. 

Prof. Benjamin Moore, F.R.S. 

Prof. J. S. Haldane, F.R.S. 

E. B. Turner, F.R.C.S. 

Dr. R. T. Leiper. 
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Science Masters’ Association (G. H. J, Adlam» M.A., 

The annual meetings of the Science Masters' Association were lietd in 
January at the London Day Training College. 'I he effect oC the recent 
changes in the rules, removing restrictions as to membership of v/hai was 
formerly the Association of Public School Science Masters, was al once 
apparent, for nearly two hundred attended the various mceiings. 'I'Jic 
Association is much strengthened by its larger and more reprcseul alive 
membership, and thus another step lias been taken towards the climinalion 
of that misleading term ** public school," which for a long time has been 
little more than a catchword, and has tended to create an artificial distinction 
between men belonging to the same profession and doing the same kind of 
work. 

The President (Mr. W. W. Vaughan, Master of Wellington College) chose 
as the subject of his address " The Responsibilities of Science Teachers." 
During the years of tlie war, many educational ideals had to be set aside; 
teclinical efliciency was all-important; the need was urgent, and conse¬ 
quently tlie shortest and quickest road liad to be taken ; instruction rather 
than true education was to a great extent the order of the day, and 
systematic teaching had to give way to short intensive courses for special 
purposes. 

The habits acquired even in four or five years are not easily sliaken off, 
and there is a danger that some teachers, particularly Science teachers, may 
be tempted to respond to the noisy clamour for teclmical olficiency, forget¬ 
ting that at the basis of national prosperity there lies something which is 
higher and greater than this, and which cannot be measured by tlie volume 
of trade returns. 

What the ideals of education are, and how constant they have remained 
throughout the ages, was brought out very forcibly and clearly by four 
quotations given by Mr. Vaughan. The first, from Plato, is very appro¬ 
priate, particularly at a time such as the present, when lawlessness is rife 
and when deeds of violence figure so prominently in the daily papers; " Man, 
if he enjoys a right education and a happy endowment, becomes the most 
divine and the most civilised of all living things ; but he is the most savage 
of all the products ol the earth if he is inadequately and improperly trained." 
The second quotation was from Milton's letter to Master Samuel 1 [artlib: 
" A complete and generous education fits a man to perform justly, skilfully 
and magnanimously all the offices both public and private of peace and 
war." To Milton, of course, a generous education meant lear of God and 
love of the Classics; technical instruction, apart from education, probably 
did not enter into his thought; yet " justly, sldlfully and magnanimously " 
covers all requirements, because the greater includes the loss. 

The third quotation was from Dr. Johnson: "Whatever makes the 
past, the distant, or the future predominate over the present advances us 
in the chgnity of tlxinking beings." The last quotation, from the speech of 
a London schoolmaster delivered only a few years ago, sums up in few words 
the most exalted aim of education: " Whatever subject we may be called 
upon to teach, our real object is always the same: to ^ve the soul a chance." 

With these clear and indisputable precepts in mind, schoolmasters would 
hardly consent to a course of action which, as the President said, would be 
tantamount merely to exchanging the God of Mammon for the God of War. 

Ofgmic Chemispyy, —^The teaching of Organic Chemistry in schools was 
discussed, and it was pointed out that, of the boys who leave school having 
" done Chemis^/* ordy a few have any knowledge of the carbon compounds, 
since the division between " organic " and " inorganic " is still retained just 
as rigidly as it was in the days when belief in a " vital force " existed. This 
is doubly unfortunate, for many of the common commodities of life are 
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taxbon compounds, and very little can be taught about structure in in¬ 
organic Chemistry, while in organic Chemistry it cannot well be avoided. 

The cause of the omission is due mainly to the unintelligent nature of 
examination schedules, in which all other considerations seem to be sacri¬ 
ficed to that of the examiner's convenience or his supposed capacity for 
the work he has undertaken. There is no evidence to show that anything 
more than the gross structure of these schedules has ever been considered, 
or that the claims of, say, soap and glycerol have ever been weighed against 
those of the oxides of nitrogen. 

Biology. —^The amount of Biology taught in schools at the present time 
is not considered to be adequate. In some of the larger schools Botany and 
Zoology are well taught to a few senior boys who are going to be doctors, 
but as a rule, the rank and file are not taught even the simplest facts about 
the lives of plants or animals. It cannot surely be urged in mitigation of 
this that ignorance is bliss. Prof. Hickson, of Manchester, pointed clearly 
to the mam cause of the omission. The investigators of the Secondary 
Schools Examination Council state in their report that Natural History 
and Zoology are unsuitable subjects for a pass with credit in Science. It 
comes to this then, that any subject, however important and necessary, 
is to be ruled out if it does not lend itself to experimental treatment and to 
the crude mechanical process of examination. University professors, who 
compile these wonderful examination schedules, say, of course, that Biology 
is more suitable for the University course; there the matter ends, and the 
great majority of people go through life totally ignorant of the mechanism 
of their own bodies. 

Laboratory Management. —^Two problems in laboratory management— 
the training of assistants and the present high cost of apparatus and material 
—^gave rise to an interesting discussion. In some schools it is the practice 
to engage boys at a small wage straight from the elementary schools. This 
is not fair to the boys, for, under the circumstances, the work of laboratory 
assistant becomes a ** blind alley " occupation. The training which they 
get is not generally sufficiently good to ensure further progress in the same 
profession, and their knowledge is of little practical value in following other 
occupations. From the school point of view the arrangement is unfortunate, 
for the boys leave just when they are capable of doing good work. If boys 
must be employed, it seems only fair tiiat some arrangements should be 
made to give them a definite training; even then the Science master is 
training Iris assistants not to keep them, but to lose them. It would be 
more satisfactory to take up tlie question of the status of the laboratory 
assistant, to employ men (men who have done a term of service in the Navy 
make excellent laboratory assistants), to press for a living wage, and to 
urge the advisability of including the trained laboratory assistant in the 
pension scheme. 

Cost of Apparatus. —^The high cost of apparatus and material has become 
a very severe handicap to the teaching of Science in schools, and threatens 
to be even a greater obstacle than the former ** neglect of Science.'' After 
five years of war and the services of inefficient substitutes for the regular 
Science master, most school laboratories are sadly in need of new apparatus; 
the sum of money allocated for upkeep has not been increased in an3rthing 
like the same proportion as prices, and, what is more, pupils are coming to 
the Science classes in increasing numbers. It comes to this, that make¬ 
shifts have to be adopted, and the character of the practical work stjfiers in 
consequence. 

Preparatory School Science. —^If anything worthy of this title existed in 
the majority of these schools, it would be most helpful to those who have 
to carry on the work in secondary schools. It cannot be done, however. 
Science does not pay in the Entrance Scholarship Examination, and has no 
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weight in the Common Entrance Examination; yet preparatory-schocA 
masters are anxious to teach Science, and preparatory-school boys, like most 
others, are eager to learn something, particularly about the mechanical 
sciences. It is clear that some radical alteration ought to be made in the 
syllabuses of these two examinations, but probably nothing less weighty 
than a Royal Commission could bring about the change. 

Separation of Laboratory and Class-room Courses, —^In the opinion of 
many competent teachers, laboratory work has rather tended to become a 
fetish, for there are some who go so far as to say that the only work of any 
value in Science is that which is done in the laboratory by the boy himself. 
This does not say much for the inspiration which the competent teacher 
should be able to impart, but it does tend to relegate to the specialist part 
of the curriculum sciences like Biology, which do not lend themselves to 
practical work done by the younger pupils, while the simple facts of 
Astronomy are for the same reason not included at all. Hence if comes 
about that school Science of the day is practically confined to Chemistry 
and Physics—us^ul and fundament^ sciences, no doubt, but limited in 
their outlook. The only remedy for this is the reinstatement of the lecture- 
demonstration for those branches of Science which are best dealt with in 
that way. There would still be ample opportunity for inculcating the 
scientific method and habit of thought. 

Some New Botanical Memoirs (T. Q. H.). ' I 1 

Botanical Memoirs is the title of a neW botanical publication initiated 
and edited by Mr. A. H. Church, of the Botany School, Oxford. Published 
by the Oxford University Press, the Memoirs are complete in themselves 
and appear at irregular intervals. Such a mode of publication has much to 
recommend it, the chief disadvantage being a possible restricted circulation 
unless advertisement be employed. The following notes are little more 
than an indication of the contents of each number: it is hoped to publish 
reviews of the more important memoirs in the future. 

No. I. The Building of an Autotrophic Flagellate, A. H. Church, 1919. 
(Pp. 27. 2s, net.) This is the most important of those memoirs which have 
appeared. An essay in speculative biology: vigorous, deeply interesting, highly 
suggestive. Problems concerned with the evolution of life from the point of 
view of botany have not been better formulated. The author has achieved 
no small measure of success in his attempt'' to indicate the more obvious 
requirements of the problems of the evolution of such an organism as an 
autotrophic fiagellate of pelagic plankton, comparable with that from which 
the ancestral forms of the Phznophycem may have been derived." 

No. 2. Gossypium in Pre-Linman Literature, H. J. Denham. (Pp. 24, 
4 text figures. 2s, net.) An interesting account of Sic references to the 
cotton plants in literature from Herodotus to Linnaeus. The tracing of the 
literary history of a single genus has much to recommend it; as the author 
truly remarks with reference to his subject," The history of Gossypium as a 
genus epitomises the history of Botany." The text figures are not good; 
better reproductions of the woodcuts of Fuchs, Matthiolus and others 
ought to have been possible. 

No. 3. Thalassiophyta and the Sub-aerial Transmigration, A. H. Church, 
19x9* 95 * 3s, 6d, net.) In this memoir Mr. Church returns to an 

earlier love, the Algae. The essay is a consideration of the probable evolu¬ 
tion of land vegetation from marine, and is a valuable contribution. Cer¬ 
tain of the views put forward were held by the late Dr. Sarah Baker, who 
derived them from her study of the brown seaweeds of the salt mar^. 

No. 4. Elementary Notes on Smsetural Botmy. A. H. Church, 1919. 
Twelve lecture Schedules. (Pp. 27, 2s. net.) 
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No. 5. Elementary Notes on the Reproduction of Angiosperms, A. H. 
Church, 1919. Ten Lecture Schedules. (Pp. 24. 25. net.) 

We do not much like the circulation of lecture notes: although of use 
and sometimes of value to the student, they inevitably suggest cramming, 
and call to mind the evils connected with payment by results.” In the 
present instance, however, it would appear, from the note on ” Minimum 
Botany,” that the author's object is to illustrate the inadequate amount of 
time allocated to Botany for medical and forestry students by the Uni¬ 
versity authorities. The author concludes: “At this time of tiie world's 
history it is remarkable that in a university of primary importance, the 
teaching of Plant-biology should be of such a meagre description. 

"The fundamental laws of all living organism, including extensions to 
sociology and theology, are based on biological problems; and biology, or 
a knowledge of the laws of life, in some form, should be part of the mental 
equipment of every educated person. It is again to Botany, as dealing with 
the primary life of the world—^the great independent Idngdom of auto¬ 
trophic vegetation, the base of the pyramid of life, whether in the sea or on 
land, and on which we ourselves, as animals, are still dependent for our 
supplies of food and energy—^that one must look, not only for the inter¬ 
pretation of the primary laws of existence, but also for the broader views 
rendered possible by the wider range of plant-races, as expressed, for ex¬ 
ample, in the elementary mechanism of phyletic progression.” 

New Scientific Periodicals. 

We are glad to welcome several new or comparatively new publications. 
Mr. Murray is bringing out a monthly popular journal of knowledge called 
Discovery^ edited by A. S. RusseU, M.C., D.Sc., under a trust of which Sir 
Joseph Thomson is one of the members. The work is likely to interest 
readers very widely, and the first number contains many good articles. The 
Macmillan Company, New York, started the publication last October of 
the Journal of Industrial Hygiene, which will evidently be valuable to all 
Health OflBlcers and other public workers. Last year the Commonwealth 
Institute of Science and Industry (Dank's Buildings, Bourke Street, Mel¬ 
bourne) began their monthly journal; and, lastly, our Medical Research 
Committee continues the invaluable summaries of medical literature which 
it issued during the war, in the form of monthly abstracts and reviews called 
Medical Science, published for the Committee by the Oxford University Press 
—a most ably conducted work. We wish them all success. 

A Simple Apparatus for High-power Photomicrography (R. E. Slade, D.Sc., 
and 0 . 1 . Higson, M.Sc„ AJ. 0 .). 

The apparatus has been designed for the rapid production of photo¬ 
micrographs in the course of an investigation on photographic emulsions. 
A magnification of 2,000 has been found most successful for the work in 
hand. ^ 

The apparatus is mounted on a block of ash three feet long, three inches 
thick, and eight inches wide. This optical bench rests on two partially 
inflated air-cushions, and is prevented from falling sideways by a rubber 
ball. This arrangement for eliminating vibration, which was suggested 
to the authors by Prof. Bragg, has been entirely successful. 

The apparatus proper consists of a microscope in the horizontal position 
which is pushed home against stops fitted on the bench. The source of 
illumination is a 100 c.p. Pointolite lamp on a universal joint for centring. 
This lamp is contained in a light-tight box between which and the substage 
condenser of the microscope is a light-tight connection provided with a 
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slide for holding a light-filter. There is no optical S3rstem or heat-absorbing 
cell interposed between the Pointolite lamp and the condenser, as these are 
quite unnecessary with this source of light. No camera is xised, as the 
apparatus is always worked in a room illuminated with red light. The 
plate is supported in a plate-holder rigidly fixed to the bench, usually about 
one foot from the eyepiece of the microscope. Focussing is done direct 
onto a piece of white card already in the plate-holder, A simple, specially 
designed vibrationless shutter is fixed to a support independent of the bench. 
After focussing, this shutter is brought down just in front of the eyepiece 
of the microscope. 

In practice a green light-filter is used with green sensitive plates. Green 
light is used because the eye has the maximum sensitivity in tliis region, 
and therefore focussing is facilitated. A process plate is used, because it 
gives the best definition. The exposure required with a magnification of 
2,000 diameters obtained by means of a 2 mm. oil-immersion objective 
X 14 eyepiece is from 5 to 10 seconds. 

Ootaval Notation for Inch Fractions 

A rule for engineers' precision measurements has just been issued which 
embodies a proposal for a logical notation for the inch binary fractions. 
Such notation is not new, but for the first time is put into a practical form 
for the workshop. 

It is based on the observation that although (the tendency of compu- 
tators being towards decimals) all micrometers and fine measuring instru¬ 
ments have been made with decimal divisions of an inch, the instinct of the 
craftsman or mechanic is towards a binary division into halves, quarters, 
etc., down to 64ths. 

In practice the vast majority of English and American engineers stan¬ 
dardise their machine parts, down to 64ths, in such binary fractions, 
although for their measurements they have to use decimal fractions, no 
other measuring notation having been provided. 

In place of the radix of 10 used for decimal notation, this rule (and pro¬ 
posal notation for finer measurements) uses a radix of 8. 

Just as in decimaJs 0-234-^+ xT“+ 

so ia octavaJs, 0.234 + I + ^ “ I + ^ + gH' 



The rule here illustrated divides the inch into 8 equal parts numbered 
I to 8, and each of these parts is sub-divided (by stepped divisions for the 
even values) into 8 parts again, making the finest divisions 64ths. The 
" staircase divisions make it easy to know the value of each sub-division 
by its leng|^. 

The ** pip which takes the place of the decimal “ point," is the printer's 
degree mark Upside down, and obviates confusion with decimal fractions. 

With this notation all binary fractions down to 64ths are expressed in 
two figures accurately. A table of these octaval equivalents, and some 
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simple instructions for adding, multiplying, etc., and also for converting 
other fractions to octavals, accompany the rule. 

The following illustrates their simplicity in comparison with decimal 
fractions, which have the disadvantage that each successive halving adds 
a decimal place. 


Vulgar. 




Octaval. 

Decimal. 

1 • 

• 

. 

. 

• o 3 

•375 

Ar . 

* 

• 

. 

• 0I4 

•1875 


• 

. 

• 

. ^06 

•09375 

A . 

• 

• 

■ 

• 0O3 

•046875 


The makers of this rule (Messrs. Watkins Meter Co., Hereford) issued 
it in steel, 4 inches long, and have one 8 inches long almost ready. They 
propose issuing in the same notation micrometers, gauge-blocks, and vernier 
calipers for precision work, as they find this notation makes it possible to 
mark and figure each division, which was not possible before with the much- 
used binary fractions. For example, a calipers with the inch divided 
into 8 numbered parts,^ and vdth. a vernier scale with 8 numbered parts 
occupying 7 of the ji-inch divisions, not only reads down to 64ths with 
large divisions, but the first figure of the octaval value is read directly on 
the main scale, and the second figure on the vernier scale. It becomes easy 
to construct micrometers with a separate scale for each place in the octaval 
fraction. ^ Advantage can also be taken of the perfection of a binary series 
for addition. In a set of precision blocks or thickness gauges of an octaval 
series, only three blocks (4, 2, i) need be provided for each place of octavals, 
as from these three figures, values from i to 7 can be made up; there is 
also the advantage that the value for each octaval place is taken from a 
separate group of blocks, and the difierent places are never mix'ed up as in 
decimal engineering measurements. The following is the complete set of 
thickness gauge-blocks from which any measurements can be taken in 
64ths (^01) from ^ to lU inch (io77). 

o®4* 

For example, the value i H inch, which is 1^36 in octavals, is made up with 
blocks as follows; i for the integer, ^2 and for the first figure in the 
fraction, and ^04 and ^,02 for the second figure of the octaval fraction. 

1 he 3rd place in an octaval fraction is and half of this being so near 
the familiar thousandth of the mechanic makes the substitution of octavals 
for decimals in the " limits ** for fine mechanical work quite easy. 

It is only proposed to apply this notation to fractions of a unit. All 
to the left of the '* pip/* that is all integers, remain in the ten grouping. 

The Institate of Physics. 

The need has long been felt for a corporate body analogous to the Institute 
of Chemistry which could represent the profession and strengthen the 
position of workers engaged in physics. The professional physicist is scarcely 
recognised as such. During the war, in a certain Government Department, 
when the need arose of appointing research workers in physics, it was found 
necessary to style them research chemists. Probably the physicist himself 
is to some extent responsible for this state of things. He drifted toward 
the acad€mic rather than the technical side of his subject, ba*^ left the 
applied side to engineers on the one hand, and to chemists on the other. 
The war has taught him that there are technical things with which he is 
most qualified to deal, and he is now stirring himspif to get his recog¬ 
nised. 

Ossly the co-operative action of all physicists in the country will succeed 
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in securing this recognition. The new Institute of Physics is created toward 
this end. The movement began with members of the ConncU of the Physical 
Society of London, who obtained the support of that Council,- and also fhos*-* 
of the Faraday Society and the Optical Society. Rcprcbciitativcs were 
appointed by all these councils to draw up rcconimcndations for the con¬ 
stitution of the new Institute. Many deliberations have proceeded during 
the last two years; but it was decided to make no public announcements 
until the arrangements should be complete. This is now the case: and 
probably before this notice appears the Institute will be a fully incorporated 
body. 

Although a perfectly independent body, the desire is to secure the co¬ 
operation and help of other societies which deal directly or indirectly with 
physics. Societies that participate in the scheme secure representation 
upon the Board of the Institute, and at the same time obtain certain privi¬ 
leges for their members. The three societies named above arc the first 
participating societies, but it is expected that other societies will also come 
in. The aim will be eventually to obtain a central building where tlie meet¬ 
ings of all the participating societies may take place, and where their libraries 
may be stored and made easily accessible. 

There will be two kinds of members. All members of participating 
societies may be elected as Ordinary members without payment of any fee; 
others will pay a fee. They will have no vote except on questions involving 
any proposed change in subscriptions or entrance fees. The management 
of the Institute is vested in the Corporate members, who alone can serve on 
the Board and vote in general meeting on general questions aficctiug the 
Institute. These Corporate members are of two kinds : Associates (entrance 
£i IS,, annual subscription, is.) having one year's experience in research 
or manufacture as a physicist; Fellows (entrance £2 2s., annual £2 2s.), 
having five years' similar experience. The passing of an examination is 
required from associates excepting when other sufficient evidence of fitness 
is forthcoming. 

Arrangements have been made by which members of the Institute belong- 
i ng to two or more participating societies pay reduced subscriptions to these 
societies. 

In all cases a high standard of professional knowledge and conduct will 
be required from members, and it is confidently hoped that the diplomas 
and titles granted will have substantial value to the recipients. 

The creation of the new Institute has already received support from the 
leading physicists and directors of industrial concerns in the country. A 
guarantee fund has been raised more than sufficient to carry it tJirough the 
first few years. Sir Richard Glazebrook, K.C.B., F.R.S., has kindly con¬ 
sented to be the first President, and Sir Robert Hadficld, F.K.S,, the Honorary 
Treasurer. Further information can be obtained from the Honorary Secre¬ 
tary, Alfred W. Porter, D.Sc., F.R.S., or from the Secretary, F. S. Spiers, 
10 Essex Street, Strand, W.C,2, 

Notes and News. 

The New Year Honours List contained only five names that need be re¬ 
corded here. Sir Bertrand Edward Dawson, Dean of the Faculty of Medicine 
in the University of London, was created a Baron; Sir Richard T. Glaze- 
brook was awarded a K.C.B.; Knighthoods were conferred on Prof, A. 
Schuster, F.R.S,, lately Secretary to the Royal Society, and James Kommal, 
a Fehow of the Royal Society of Edinburgh; while Dr. F. S. Lister, Research 
Bacteriologist to the South African Institute for Medical Research, was raised 
to the degree of Knight Bachelor. 

The list of candidates selected by the Council of the Royal Society for 
election to the Fdlowship of the Society is as follows: Dr. E. F. Armstrong 
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(Managing Director of Messrs. Crosfield & Sons, Warrington); Sir Jagadis 
Chunder Bose; Dr. Robert Broom (Zoologist and Medical Practitioner, 
South Africa); Prof. E. P. Cathcart (Professor of Physiology, University 
of London, London Hospital Medical College) ; A. C. Chapman (Consulting 
and Anal3rtical Chemist); Dr. A. P. Chattock (formerly Professor of Physics, 
University of Bristol); A. W. Hill (Assistant Director of the Royal Gardens, 
Kew); Dr. C. G. Knott (Lecturer in Applied Mathematics in the University 
of Edinburgh) ; Prof. F. A. Lindemann (Professor of Experimental Philo¬ 
sophy in the University of Oxford) ; Dr. F. PI. A. Marshall (Lecturer in 
Physiology in the University of Cambridge); Dr. T. R. Merton (Lecturer in 
Spectroscopy in the University of London, King's College) ; Dr. R. C. L. 
Perkins (Consulting Entomologist to the Hawaiian Sugar Planters' Associa¬ 
tion) ; Prof. H. C Plummer (Royal Astronomer of Ireland); Prof. R. Robin¬ 
son (Professor of Organic Chemistry in the University of Liverpool) ; Dr. 
J. W. W. Stephens (Professor of Tropical Medicine in the University of 
I.iverpool). 

Dr. Theodore W. Richards, Professor of Chemistry at Harvard University, 
has been elected a foreign member of the Royal Society. 

Dr. A. E. Shipley, of Christ's College, Cambridge, has been elected an 
honorary member of the Society Royie Zoologique et Malacologique de 
Belgique; and Sir Ronald Ross, a Member of the Belgian Soci^te de Biologie. 

The Ponfc6coulant prize of the Paris Academy of Sciences for 1919 has 
been awarded to Prof. Eddington, and the Lalande prize to V. M. Slipher, 
of the Lowell Observatory. 

The Henry Draper Gold Medal has been awarded by the American 
National Academy to Prof. Fowler, of the Imperial College of Science, for 
his work in celestial and laboratory spectroscopy. 

The first award of the Charles Graham Gold Medal for medical research 
has been made to Dr, C. Bolton, in recognition of his work in experimental 
pathology carried out at University College Hospital Medical School. 

The La Roquette Gold Medal of the Geographical Society of Paris has 
been awarded to Stefansson, in recognition of the discoveries made by the 
Canadian Arctic Expedition during the years 1913--18. 

Mr. R. H. Hooker has been elected President of the Royal Meteorological 
Society for the current year. The Symons Memorial Gold Medal of this 
society has been awarded to Prof. H. H. Hildebrandsson, of the University 
of Upsala, for his distinguished work in meteorological science. 

Dr, Eric K. Rideal has been appointed visiting professor of chemistry 
at the University of Illinois for the session 1919-20. 

Among those who have passed away during the past quarter we note 
with regret the following: Joseph Barrell, Professor of Geology in Yale 
University; Prof. E. H. Bruns, of the University of Leipzig; Sir William 
R. Fraser, F.R.S.; Mr. F. W. Headley, naturalist and bird enthusiast, of 
Haileybury School; Dr. Cyril G. Hopkins, Head of the Department of 
Agronomy in the University of Illinois; Dr. C. R. C. Lyster, Head of the 
X-ray and electro-therapeutic departments at Middlesex Hospital; Prof. 
G. Macloskie, professor of biology, Princeton University; Dr. Francis 
P. Moreno, the Argentine geographer and naturalist; Sir William Osier; 
Admiral Peary; Prof. A. Riced, Director of the Observatory of Catania and 
Etna ; W. von Siemens, head of the Siemens-Halske companies at Zurich ; 
Father J. N. Strassmaier, the distinguished Assyriologist; Dr. John Wilson, 
lecturer in agriculture and rural economy in the University of St. Andrews. 

The International Research Council has finally been established, after 
a number of meetings in London and foreign capitals. Geophysics, mathe¬ 
matics, astronomy and (provisionally) biology and chemistry sections have 
been founded; each section will be organist on an international basis, so 
as to attain full co-operation in the diflerent departments of science. 
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A special meeting of the Conjoint Board of Scientific Societies was held 
on January 8, to discuss the future co-ordination of international scientific 
action. In the end an indeterminate attitude was adopted, it being resolved 
that the Executive Committee be requested to appoint committees for the 
purpose of considering the desirability of forming international unions con¬ 
nected with the International Research Council, as recommended by the 
Brussels Conference, or of joining such unions if formed independently. 

At a meeting of Congregation at Oxford, on February lo, a new form 
of Responsions Statute was accepted under which Greek will no longer be 
compulsory in responsions, and will not be required at any stage from candi¬ 
dates taking Honours in the final schools in Mathematics or Natural Science. 
This amended form of the Statute has still, however, to pass Convocation, 
where it is likely to be strongly opposed by the misguided medisevalists 
whose banner bears the legend “ Compulsory Greek''! 

At a Congregation held at the Senate House, Cambridge, on February 14, 
it was agre^ to establish a Professorship of Physical Chemistry. 

Colonel Sir Frederic Nathan, K.B.E., has been appointed Power Alcohol 
Investigation Officer under the Fuel Research Board of the Department of 
Scientific and Industrial Research. This appointment has been made as 
a result of the report of the Interdepartmental Committee on the Production 
and Utilisation of Alcohol for Power and Traction Purposes, which recom¬ 
mended the establishment of a small permanent organisation for the investi¬ 
gation of this problem. It does not seem likely, however, that any immediate 
results will follow from the new departure, for, before any research on an 
extended scale into methods of production and utilisation is undertaken, 
a ** more or less accurate estimate of the possible sources of alcohol within 
the Empire and of the cost of its production is to be made. It would seem 
to be quite obvious by now that power alcohol can be produced in sufficient 
quantities at a cost far bdow the present outrageous price o£ petrol, and 
that an immediate and extensive research is most urgently necessary. 

The Council of the Glass Research Association has appointed Mr. R. L. 
Frink, Lancaster, Ohio, U.S.A,, to be Director of Research. In a letter 
to Nature (February 5), Dr, Morris W. Travers comments very unfavourably 
on the appointment, for he is informed that in the United States " Mr. Frink 
is not known as a researdi man or in research circles; but that he is highly 
spoken of by practical glass-workers * as a man of long experience in the 
window-glass trade, who is accustomed to be called in as first aid for furnace 
troubles, colour troubles, and like technical difficulties. iThis trade he has 
pursued for some years with success, and his reputation in this domain is 
among the best. He , . . has gathered together a considerable amount of 
rough-and-ready wisdom, which has found extensive application in an industry 
where research laboratories have hardly been thought of until recently/ 

If Dr, Travers' information be correct, the Glass Research Association has 
made a most unhappy selection. Such a man is not likely to be of the type 
to work comfortably with, much less direct, a band of Englishmen trained in 
the methods of scientific research. 

We are pleased to be able to record the gift of several handsome donations 
towards the cost of University education in this country during the last three 
months, Messrs. S, B. and J, B. Joel have given £20,000 for the endowment 
of a University Chair of Physics tenable at the Middlesex Hospital Medical 
School; Lord Cowdray has contributed £xo,ooo towards the sum of ;^ioo,ooo 
required for the reconstruction of the engineering department at University 
College, London, and has promised a further ;gio,ooo when the total sub¬ 
scribed shall have reached £70,000 ; finally, the Worshipful Company of 
Goldsmiths has presented £15,000 to the London Hospital Medical College 
for the endowment of a University Chair of Bacteriology. In America the 
golden shower whichnever ceases to fall on Science, Education and the Univer- 
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sities has developed into a veritable deluge. Mr. John D. Rockefeller heads 
the list with a total contribution of $110,000,000. Of this vast sum 
$60,000,000 goes to the Rockefeller Foundation, and $50,000,000 to the 
General Education Board. In a letter accompan3dng this latter gift, Mr. 
Rockefeller expressed his wish that the principal as well as the interest 
might be used promptly and largely for co-operating with higher institutions 
of learning in raising sums specifically devoted to the increase of the salaries 
of the teachers, and he further desired that his previous gift of $20,000,000 
(recorded in these Notes only last quarter) might be used for promoting 
medical education in Canada as well as in the U.S.A. The late Mr. Hemy 
C. Frick left the greater part of his estate for public, charitable and educa¬ 
tional purposes in the States. It is estimated that about $145,000,000 
will be available, and of this sum Princeton University will receive about 
$15,000,000, Harvard $5,000,000, the Massachusetts Institute of Technology 
$5,000,000, and the Educational Fund Commission, Pittsburgh, another 
$5,000,000. Yale receives $200,000 for the general endowment of the School 
of Medicine as a result of the death of the widow of the late Dr. Levi Shoe¬ 
maker. 

The idea that University teachers are worthy of a reasonable wage seems 
to be becoming quite widespread on the other side of the Atlantic, for not 
only has Mr. Rockefeller emphasised it in the admirable manner related 
above, but the City of Rochester raised $800,000 in less than me week for 
increasing the salaries of the sta£E of its University 1 

Manchester University is appealing for ;f5oo,ooo to enable it to proceed 
with much-needed extensions, and the Manchester College of Technology 
asks for a further ;fi5o,ooo for the same purpose. 

It has been decided to devote the sum of ^^240,000 left by the late Mr. 
Thomas Cawthom, of Nelson, N.Z., for the founding of a technical institute 
in New Zealand, for the erection and endowment of a research institute in 
that country. A site of twenty acres has been secured in a position over¬ 
looking Tasman Bay, about three miles from the town of Nelson, and it 
is anticipated that the buildings will soon be in course of erection. Prof. 
T. H. Easterfield, of Victoria ODllege, Wellington, has been appointed to be 
first Director of the new Institute. 

The house and laboratory built on the banks of the Susquehanna River, 
in Pennsylvania, for Joseph Priestley when he emigrated to America in 
1794, has been purchased by the graduate students of the Pennsylvania State 
College. It is a frame house, and is, even now, in so excellent a state of pre¬ 
servation as to permit of its re-erection m the grounds of the College as a 
permanent memorial of its original owner. 

In a magnificent monograph (part i, vol. xi, of the Memoirs of the Ameri¬ 
can Museum)^ President H. F. Osborn undertakes a revision of the fossil 
horses of North America found in rocks of Oligocene to Pliocene age. All 
the type specimens are figured, either by reproduction of the original or 
by new drawings. Finally, in fifty-four plates, Osborn gives a series of com¬ 
parative figures which present objectively the stages of the evolution of the 
horse from Mesohippus to Equus. The closeness of the stages, about forty 
of which are figured in correct time or order, makes the whole work most 
impressive, and its study of vital importance to any student of evolution 
and biological theory. 

A new book on the Amcehic Parasites of Mm (J. Bale, Sons & Danielsson) 
has just appeared. It is written by the well-lmown protozoologist, Prof. 
Clifiord Dobdl. The author has taken great pains completely to elucidate 
many interesting problems associated with the amoebic fauna of man, andi 
this book will prove a valuable addition to protozoological literature. It is 
regrettable, nevertheless, that Mr. Dobell should so summarily dismiss the 
work of many other protozoologists. 
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A valuable paper by Dr. A. D. Imms (Transactions of the Royal Society 
B. 361, 1919), has just come into our hands. The writer of this interesting 
paper has studied the biology of Archotermopsis, one of the most primitive 
of living Termites. Dr. Imms believes that polymorphism is not adequately 
explained as being the direct or indirect effect of special nutrition. 

In the latest numbers of the Transactions of the Royal Society^ Dr. D. M. S. 
Watson has published several of his analyses of the origin and evolutionary 
changes of certain groups of fossil vertebrate animals. These papers will 
form a valuable contribution to our knowledge of Vertebrate Palaeontology. 

We acknowledge the receipt of six parts of the Memoirs of the Asiatic 
Society of Bengal, containing the Zoological Results of a Tour in the Far 
East/' edited by Dr. N. Annadale, F.A.S.B. The main object of Dr. Anna- 
dale's tour was to obtain material for comparison with the fauna of Indian 
fresh-water lakes and lagoons; Japan, the Kiang-su Province of China, and 
the Malay Peninsula were visited. Great activity has been exhibited by 
Dr. Annadale and his associates in the working out of the material procured. 
Lake Biwa in Japan, as might be expected from its geographical position, 
seems to be (so far as the Mollusca are concerned) the meeting-place of two 
lines of migration, one from the North, the other from the South. The 
Oligochasta have been treated by Prof. Stevenson, Hirudinea by Dr. A. 
Oka, of Tokyo ; three of the Hirudinea were of special interest, one [Artcyrob- 
della biwa) is a curious Glossiphonid, much resemblmg an Ichthyobdellid in 
external appearance. Annadale's work on the moUuscan fauna of Tai-Hu, 
or Great Lake (Kiang-su), is of much interest. The Mollusca found are peculiar 
for the fact that they are small in size, and have a strong estuarine element 
in their composition. Other parts of these volumes have been taken by 
Dr. Prashad (Echiuroids), Dr. Chopard (Orthoptera), Dr. Kemp (Crustacea), 
Dr. Annadale (Sponges), and Sir Ch. Eliot (Mollusca, Nudibranchiata), etc. 
We believe that Dr. Annadale's expedition has been very useful and successful. 

As is weU known, before the war, British optical firms imported most 
of their glass from Germany. The declaration of war on August 4 threw 
our opti<^ manufacturers on their own resources, and we owed our success 
in the making of optical glass largely to the enterprise of Messrs. Chance 
Bros., of Birmingham. Th^ end of the war now brings new conditions; 
optic^ glass is no longer needed in large quantities, and as the amount of 
optical glass in any one instrument is quite small, it is doubtful whether it 
win pay large firms to undertake small meltings and to undertake the noces- 
tsaxy research. Dr. W. E. S, Turner pointed out at the Symposium of Micro¬ 
scopical Societies, which met at the Royal Society on January 14, that the 
obvious remedy lies m the use of the joint resources of the British Optical 
Instrument Manufacturers' Research Association, under Sir Herbert Jackson, 
and of the Department of Glass Technology in the University of Sheffield. 
We hope that this suggestion of Dr. Turner will be carried into effect. 

We note also that several British firms have undertaken the manufacture 
of dyes and stains suitable for delicate histological and C3d:ological work. 
We trust that the heads of our University and other laboratories will note 
tins, and see that every encouragement is given to this new departure. We 
have ourselves tried some British acid fuchsin, and found it to be perfect 
even for staining such difficult objects as the Mitochondria 

Dr. Ruggles Gates recently gave a paper at the Linneaix Society entitled. 
On the Existence of Two Fundamentally Different T3rpes of Characters 
in Organisms," which cannot fail to interest those who are concerned in any 
way with Evolution and Heredity. The point of view resulting from modern 
work on mutation and Mendelism is frankly antagonistic to the views of 
paleontologists and anatomists, and others who de^ with orthogenesis and 
the inheritance of acquired characters. Dr. Gates suggests riiat higher 
organisms exhibit two contrasted types of characters, whicli differ funda- 
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mentally (i) in their manner of origin, (2) in their relation to the structure 
of the organism, (3) in their relation to recapitulation, adaptation, and in¬ 
heritance, (4) in relation to geographic distribution. To the first category 
belong cell-charactcrs, which arise as mutations, and are usually inherited 
as distinct entities, and, being borne by the nuclei, may be called “ Karyo- 
genic" characters. To the second category belong organismal characters 
which arise gradually through impact with the environment or through 
orthogenic changes, may modify localised parts of the life-cycle, and may 
not be incorporated in the germ-plasm from the first. 

Dr. F. W. Aston, in a letter to Nature (December 18, 1919)* gives a pre¬ 
liminary account of some of the results he has obtained with an improved 
positive-ray spectrograph. He finds that carbon and oxygen show no signs 
of possessing isotopic forms ; that chlorine consists of two isotopes of atomic 
weights 35 and 37 ; that neon, as is weU known, is a mixture of two, whose 
atomic weights are 20 and 22 (correct to a tenth of i per cent.); while mer¬ 
cury is a mixture of at least three or four. Experiments giving more than 
forty dilferent values of atomic and molecular mass show that all are exact 
integers (taking C = 12 and O = 16). The case of hydrogen, which clearly 
becomes of special interest if these results are confirmed, has not yet been 
investigated. 

Quite the most interesting exhibit at the Physical and Optical Societies 
Joint Exhibition, whicli was held at the Imperial College of Science on 
January 7 and 8, was the Sheringham Daylight device. This invention is 
one of the simple why-didn*t-I-"hink-of-it-before type, which should be of 
material assistance in the colour industries. It consists merely of a large 
umbrella-shaped reflector placed above a high-candle-power electric lamp, 
the reflecting surface being covered with small squares of coloured paper 
arranged in chessboard fashion. These squares are of many different 
colours, blues and greens predominating, so that the excess of yellow in tlae 
artificial light is eliminated. The energy wave-length curve of the light 
diffused from the reflector can be plotted from measurements obtained with 
a spectro-photometer, and thus the proportions of the diflerent colours on 
the reflector can be adjusted to match any desired quality of daylight with 
any specified source of illumination. The usefulness of the new illuminator 
in the dye trade, in drapery stores, in the lighting of art galleries, etc., is 
seK-obvious, and it will make it possible to specify a standard ** daylight " 
in which all colour-matching processes may be carried out. 

The Bureau of Standards, Washington, has just issued a revised list of 
its various publications (Circular No. 24). Since the first paper was printed 
in 1904, tlie staff of the Bureau has been responsible for 338 papers of purely 
scientific interest, X38 technical papers, and 82 circulars. Among the latest 
of these is a paper by Coblentz and Kahler dealing with the optical and 
photo-electric properties of Molybdenite, which is conspicuous for its high 
photo-electric sensitivity to infrarred rays extending to 3 ft; a paper dealing 
with the effects of glucose and salts on the wearing qu^ties of sole leather, 
and the first of a series of investigations intended to establish, by laboratory 
methods, the relative values of diflerent deposits of stone for building pur¬ 
poses. The whole of these publications (with the exception of a very few 
now out of print) can be obtained from the Bureau at a small cost which 
varies with the length of the paper. 

The Report on Engineering Standardisation written by Mr. Gerald Light- 
foot for the Australian Institute of Science and Industry rather startles us at 
the outset by holding up Great Britain, along with the United States, as an 
example of a coun^ where standardisation in the engineering industry 
has reached a high stage of development. Nevertheless, on reading further 
through his pages we are able to realise that, as compared with Australia, 
the conditions in this country form an ideal to be striven after. It appears 
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that in the Commonwealth there is not one single engineering material for 
which one standard specification is in general use. Thus there are no fewer 
than eight specifications for cement laid down by various railway and Public 
Works departments. Electric power is supplied from different generating 
stations at twenty different voltages, and electric fittings are of many different 
sizes. This not only involves a large unnecessary expenditure in carrying 
stocks, but also renders it a matter of great difficulty to establish home 
industries for the manufacture of electric lamps and appliances. In these 
circumstances it is not surprising that the leadhig engineering firms are sup¬ 
porting a movement for the formation of a Commonwealth Engineering 
Standards Association to work on the lines of the similarly-named English 
Association or of the American Society for Testing Materials. The 1918 
Report of this latter society shows that the list of standards covers 132 
engineering materials, most of which have been revised at least once since 
their adoption, and some as often as six times; a fact which answers the 
charge that standardisation tends towards crystallisation, and so impedes 
progress. The Report under review contains a fuU list of the English and 
American Sub-committees, and outlines a working scheme for use in Australia. 

In addition to the new scientific periodicals mentioned on p. 6^5, we 
are also glad to welcome the British Journal of Experimental Pathology, 
edited by a number of distinguished pathologists, of which the first number 
was issued in February 1920 (H. K. Lewis & Co., 136 Gower Street, W.C.i). 

The Sociological Society announces that it is moving from the London 
School of Economics to 65 Belgrave Road, S.W.i. As its new quarters 
afford more accommodation than it needs, the Society will be glad to hear 
from similar societies which might desire to rent one or more rooms. The 
situation is very convenient, being within five minutes* walk from Victoria 
Station. 

The National Union of Scientific Workers (19 Tothill Street, S.W.i) 
finds it necessary, owing to its rapid growth, to employ a full-time secretary, 
and Major A. C. Church, D.S.O., M.C„ B.Si., has been chosen for the post. 
Since last November two new branches have been formed, and several other 
branches are in process of formation. 

, With reference to the matter of Awards for Medical Discovery given 
on p. 635 et seq,, Mr. Balfour, Lord President of the Counc 1 , received a 
deputation consisting of the members of the Conjoint Committee mentioned 
on p. 641, together with several medical and other Members of Parliament, 
on March z , The deputation was introduced by Sir William Watson Cheyne, 
Bart., and the business done will be referred to in our next issue. 
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VEBlFIABIiE KETOWBEDGE (George Shaan) 

The theory of knowledge has often been treated as a branch of metaphysics ; 
the following is an attempt to deal with the subject of the nature and func¬ 
tion of knowledge from a scientific point of view. 

It will be convenient to start with certain hypotheses and to leave the 
question of their validity for later consideration. First, then, it is supposed 
that the clianges in consciousness which go to form the knowledge we are 
considering are, at least in part, direct reactions of a nervous organism to 
stimulus. Secondly, that reactions to simultaneous stimuli tend to become 
associated together in consciousness and that, since each reaction occupies 
an appreciable interval of time, a somewhat similar association may take 
place between reactions whose durations overlap. Also, that in conse¬ 
quence of this, the experiences of which we are conscious come to be felt 
as a continuum, even though the stimuli should be discontinuous like pic¬ 
tures in a cinematograph. Thirdly, that when two reactions have been 
thus associated a more or less permanent connection remains in memory, 
so that if one of the stimuli be subsequently repeated the reaction to it may 
include traces of that reaction to the other stimulus by which it was 
accompanied on the previous occasion. In virtue of such connections long 
series of nervous reactions can be linked together without any other nexus 
than their having frequently occurred in close succession; thus it is com¬ 
mon for Oriental students to learn and to repeat the sounds of whole chapters 
of their sacred books, the language of wluch is unknown and conveys to 
their minds no meaning whatever. 

Knowledge depends upon mental arrangements in series, but the nervous 
reactions of a highly organised animal are innumerable; no single series 
can include them all; there must be some selection. Even the rudimentary 
kind of knowledge above mentioned requires that the sequence of auditory 
reactions should be segregated from the various other reactions by which 
they must have been accompanied. The nature of the selection is usually 
determined by certain indirect, or secondary, reactions, which are called 
suppositions, or h3^theses, because they are put under the sequences of 
direct reactions to bind them into the fabric of knowledge. Thus if certain 
visual sensations at one moment be followed by certain others shortly 
afterwards, the sequence may be associated in series by the hypothesis that 
the stimuli to which the sensations respond are due to something outside 
consciousness, called matter, and that the two stimuli come from the same 
material body, seen successively in two different places because it has moved 
from one to the other. 

It is not, I think, too fanciful to compare these direct and indirect reac¬ 
tions with the warp and woof of a textile fabric; the warp being laid down 
as a foundation, while the woof, detennining which threads of the warp 
i^aU appear in a given place and which shall be hidden, not only binds the 
whole together, but also produces the pattern. 

A theory of the construction of mental series having been propounded* 

^55 
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it remains to enquire how they are utilised lor the benefit of the organism. 
This is ejected by means of the farther hypothesis that they -Will ycouy, so that, 
if the earlier parts of a series should subsequently be repeated, the rest of 
the associated reactions will follow in their original order. This expectation 
of recurrence is the only basis on which forecasts of the future can be drawn 
from the experience of the past. 

Now each of us includes in many of his mental series elements which 
he must regard as being his own actions, and is aware, moreover, that the 
subsequent experiences in some of tliese series are desirable, in others un¬ 
desirable. An expectation of the recurrence of these series would be mani¬ 
fested by repeating actions which had been followed by desirable experiences 
and refraining from the others. This is characteristic of the conduct of all 
the more highly organised animals, and is to be noticed in the actions of 
human infants even while very young. Its appearance at an early age in 
a great variety of organisms gives the idea that the aptitude for developing 
the expectation of recurrence is inherited and might be classified under 
the rattier ill-defined heading of instincts. 

Actions, then, can be guided by forecasts of future experience, drawn 
from the experience of the past in virtue of the hypothesis of the recurrence 
of series; but we find that this is often applied too indiscriminately, every 
sequence of reactions mentally arranged in a series being expected to recur. 
Man's experience, as it widens, teaches that tliere arc many exceptions, and 
it becomes evident that before knowledge can be a trustworthy guide 
it must distinguish between the series which are, and those which are 
not, recurrent. 

The method by which hypotheses arc tested is called verification; it 
consists in framing forecasts on the basis of tlic hypotheses and ttien com¬ 
paring them with actual experience; the more uniform the correspondence 
between forecast and experience, the more complete is the verification, and 
the greater will be the confidence that the hypotheses are valid. Those 
propounded at the beginning of this article lead to forecasts of the way in 
which ideas will be found to originate; their validity must be tested by 
experience of what actually takes place. 

There is one fundamental recurrence-hypothesis which, when it can be 
submitted to verification, has never been known to fail, and which is there¬ 
fore regarded as absolutely beyond tiuestiou -namely, that if all Iho elements 
essential to a series be repeated, the series will recur. Hence, if all the 
dements of a series be abstractions by whose nature every extraneous 
element is excluded, one single experience may be sufficient for a verification, 
giving certain assurance of its recurrence. 

For instance, three parallel rows of four clots each can be arriinged in 
a parallelogram, and it is seen that the same dots may be regarded as four 
rows of three. It is at once felt as a certainty that a forecast of rcx)e1ition 
will hold good, and that multiplier and multiplicand will always be inter¬ 
changeable provided that ttiey represent the same abstractions (integral 
units) which are exemplified by the dots. This is no guarantee of recur¬ 
rence when the elements of the series are other than unit quantities; in 
quaternions abstract factors are used which have a different relation. 

In the case of concrete sequences verification is more difficult, because 
the mental associations of the series cannot include more than a finite 
number of ttae noticeable elements of the sequence, and it is never certain 
that these will be the only ones affecting the recurrence of the series. When 
a gardener, taking seeds from plants of a particular species, sows and tends 
them according to a certain plan, he forecasts approximately what will 
be the outcome of his work; he expects that some of the seeds will develop 
into plants because he knows that seeds of that species have often done 
so under conditions not obviously different, and relying on the hypothetical 
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generalisation that like begets like, he expects that the plants will have a 
resemblance to those from which the seed came. If a sufficient number of 
trials be made, the average of the subsequent experiences will doubtless 
correspond faiiiy with the forecasts; but there is no certainty that any 
individual seed will germinate; various unknown conditions may prevent 
it; and of those plants which do grow, no one will be like another in every 
respect, nor will it be exactly Idre those from which it is descended; each 
has its individual peculiarities, which in some instances may be so pro¬ 
nounced that the plant will be regarded as a *' sport." 

Forecasts from hypotheses which do not exclude unknown elements are 
never quite free from such uncertainty, and verification is more or less 
satisfactory according to the degree of uniformity in their approximate 
agreement with subsequent experiences. Owing to the indeterminate nature 
of verification in such cases, tide idea of doubt has become so closely asso¬ 
ciated with the word hypothesis that objection may be taken to its use in 
reference to mental series whose recurrence is considered to be certain ; the 
mental operations, however, are similar in all cases and it is convenient to 
denote them by the same word. 

When a series whose principal elements are known is subject to varia¬ 
tion under the influence of minor unknown elements, limits can in some 
cases be assigned to this variation and the probability of a particular forecast 
can be found. Thus in the tossing of a com the toown elements are sup¬ 
posed to be such that either a “ head " or a " tail" will be uppermost when 
it comes to rest; the moving forces, other tlian gravity, are undetermined, 
but the variation introduced by them into the series is limited to the appear¬ 
ance of one or other of two alternatives, whose probability is equal. It 
will be seen, then, that probability both implies a basis of knowledge and 
is in itself a modified kind of knowledge, since it down boundary lines 
in regions where ignorance would simply leave a blank. 

Beside the division of mental series into abstract and concrete, another 
distinction is to be noted. The natural and, as it were, automatic forma¬ 
tion of series from experiences which follow one another closely, is common 
to man and to many animals; mankind has acquired, in addition, the 
power of connecting, by mental association, sequences of experiences divided 
by considerable intervals of time, such as the appearance of a plant where 
seed was sown several months earlier. 

It has already been pointed out that, by mental association, a present 
reaction may arouse the memory of some different reaction in the past; 
if this ill its turn should revive the memory of the same sequence having 
been in the mind previously, the idea of recurrence will be suggested. The 
expectation that the sequence will alwa3rs recur needs verification, but if 
this be obtained by a sufficient number of repetitions, the connection of 
experiences may be regarded as empirical knowl^ge. 

To make such knowledge systematic an hypothesis must be framed 
by which the discontinuous experiences can be represented as forming parts 
of some process already known and held to be continuous. The recurrence 
of the series can then be verified more effectively than before, since it 
becomes possible to forecast that—If the empirical sequence corresponds 
with the known process, not only in the observed portions, but also through¬ 
out its whole extent, then titiis-and-that will be experienced. The more 
uniformly subsequent experiences bear out these forecasts the greater will 
be the confidence in the validity of the hypothesis. 

Illustrations of this may be found in die history of astronomy. Very 
early ages had bare records of what was, from time to time, noted concern¬ 
ing such things as the successive phases of the moon, the recurrence of sun¬ 
rise in particular positions, or the repetition of eclipses at regular intervals. 
Then these discontinuous experiences were combined into a system by 



6s8 science progress 

hypotheses based on the known process ot rotation about a fixed axis. 
After it had been shown that the forecasts thus obtained were not sufli- 
ciently accurate, Newton applied the hypothesis of gravitation, suggested 
by the known process of the acceleration of iron toward a magnet, and of 
heavy bodies toward the earth. The forecasts made on this latter hypo¬ 
thesis have corresponded remarkably well with subsequent experience. 

Lastly, what is tiie relation of knowledge to causation and to external reality ? 

Present ideas of causation rest upon tlie theory of energy, to which 
Newton gave the first definite shape in the scholium to his third law of 
motion. His enunciation is paraphrased by Lord Kelvin in the words: 
" The whole work done, in any limited material system, by applied force 
is equal to the whole effect, in the forms of potential and kinetic energy, 
produced in the system, together with the work lost in friction." (Natiwal 
Philosophy, Thomson & Tait, § 287). 

About the middle of the nineteenth century, however, it was shown that 
each unit of work has its exact equivalent in a unit of heat, the two being 
interchangeable; so that work employed in overcoming friction is not lost, 
but only changed into the form of heat; or putting tiie theory into more 
general terms, that energy always remains the same in amount, however 
much it may change its form. 

For modem thought this is almost as important as the older hypothesis 
of the constancy of 5 ie quantity of matter; it supplies an intelligible con¬ 
nection between the changes in a physical process by giving definition to 
iie idea of causation, which had previously been extremely vague. 

* The connection is of two slightly different kinds. In one the cause and 
the efiect are simultaneous, and the idea of the transformation of energy 
forms a mental link between two different aspects of a single process, which 
is called the cause when it is regarded as a change from the initial condition, 
while as a change into the final condition it is called the efiect. For example, 
the combination of carbon and oxygen is the cause, whose effect is the pro¬ 
duction of carbon dioxide; the link between these aspects being the idea 
of the liberation of energy which is transformed and given out as heat. 

In connections of the other kind the idea is that energy is set free by 
one process, called the cause, for transformation in a subsequent process 
called the effect. In this sense the pulling of a trigger may be the cause of 
the discharge of a gun. 

The question of our knowledge of substance, or external reality, has 
been much discussed, and has generally been treated as though it dillercd 
from all other questions, or was something mysterious. Locke says that 
we neither have nor can have the idea of substance by senbation or roHoc- 
tion (Essay on Human Understanding, Bk. I, iv. § 18), yet he also says 
that we have the ideas of its ** primary qualities " as tliey really arc (Bk. Jl, 
XXXV. § 3). Berkeley asserted that the external reality corresponding to 
our Idea was a thought in the mind of his deity, and liad no other existence. 
Reid and the Scotch metaphysicians denied this, but their positive views 
about our knowledge do not seem to have been much clearer than those of 
Locke. Kant again deals with reali^ in phrases concerning categories and 
schemata and the-thing-in-itself, which could never have afforded any con¬ 
firmation of the world-wide h3rpothesis of external reality^ On this subject 
neither the writers mentioned, nor any others that I know of, have put their 
views in such form that they can be tested by comparison with experience. 

In the solution of the problem two considerations are necessary. The 
first concerns the meaning of reality, which in its ordinary, non-metaphysical 
sense has reference to the fulfilment of forecast. Just as we say that gold 
IS real if the forecasts be fulfilled which are made from a particular hypo¬ 
thesis about its nature, so we must admit that substance is real if the fore¬ 
casts be fulfilled which ate made from the hypothesis of its existence. 
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The second consideration is that when this hypothesis of the existence 
of real external substance has been suflSiciently verified it does not differ 
in any respect from the rest of our knowledge. As in the case of our otlier 
concrete hypotheses, repeated tests are necessary before the verification 
can be deemed adequate. But these are so superabundant, even in early 
life, that if certainty be denoted by unity, the difference between this and 
the validity of the hypothesis of reality might be denoted by that between 
unity and the recurring decimal 0-9; a difference which is less than any 
assignable quantity. Reality, therefore, cannot be excluded from the 
scope of our knowledge unless everything else, beyond baxe sensation, be 
also excluded. 

Very concisely, then, the core of the theory now propounded is that the 
mental processes concerned in the production of knowledge are of two kinds, 
the direct reactions of the organism to stimulus, and the hypotheses by 
which the remembrances of these reactions are associated in series; that 
the immediate object in view is the making of forecasts for the future on 
the basis of the hypothesis that the series will recur; and that the success 
of forecasts is the sole test of the validity of hypotheses. Those of the 
present theory are framed for the purpose of forecasting how fresh know¬ 
ledge will be attained, and must be subject to verification by farther experi¬ 
ence of its progress. 

It is the tdtimate object of knowledge to he the guide of actiovi. 

Unless a theory can in some way conduce to that object I attach little 
value to it; my hope is that this one will serve as a guide in future 
methods of education. 

TH£ PUBXFlCATXOfiT OF MOOBLAIXB WATEB SUPFXiXFS 

(Ernest G. Blake, M.E.S J., ABXC.C.) 

A CONSIDERABLE difference frequently exists in the composition of water 
which is obtained in certain districts, although they may not necessarily be 
widely separated, the variation arising from purely local causes. The charac¬ 
ter of the water naturally exerts an appreciable influence on the health and 
well-being of those who use it for drinking and culinary purposes, and the 
origin of various more or less serious disorders is commonly ascribed to this 
source, liard water—i.e., water which contains an excess of lime—is 
popularly supposed to be the predisposing cause of goitre or Derbyshire neck, 
gravel, etc., from the fact that the system becomes clogged with the lime after 
continuous use. It is also responsible for various troubles apart from the 
human frame, and is the direct cause of the " furring " which occurs in boilers 
and cooking utensils, when the lime collects on the sides and bottom of the 
apparatus in the form of a hard, insoluble incrustation, commonly known as 
scale. Water which contains less than six grains of lime to the gallon is 
considered to be soft, and is less troublesome in this respect. In this condition 
it is decidedly preferable for domestic purposes. 

The supply which is collected on a peaty gathering-ground may, on the 
contrary, act in a reverse direction, and may be of such a nature as to destroy 
almost any metal with which it comes into contact, its corrosiveness varying 
with the class of soil from which it is drawn. This destructive tendency is 
caused by the excessive softness of the water, combined with the presence of 
humic acid, which is gathered from the vegetable constituents of the soil as it 
percolates down through the ground. Peaty water is usually of a clear brown 
colour and is ve^ similar in appearance to weak tea, although it does not 
thereby necessarily produce dangerous consequences' when consumed; but 
when it is strongly acidic the pipes and metallic fittings deteriorate so rapidly 
as to constitute a very serious problem, as to how these effects are to be 
neutralised without going to undue expense. The trouble is much more 
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apparent in the hot-water system than it is in the cold, especially when the 
boiler is driven at a considerable pressure, as the corrosive action is intensified 
by the higher temperaiure, and the resultant damage is increased in a pro¬ 
portionate degree. It is important that all valves, taps, and fittings should 
bo of the best quality gun-metal which is procurable, and even -then, in many 
cases, the scatings arc rapidly destroyed and become ineffective iu a com¬ 
paratively short space of time, necessitating re-seating, perhaps, every few 
months. This may appear to be incoucoivable to many who have not ex¬ 
perienced the possibilities of this class of water, but those who are familiar 
with its effects will recognise that it is not an abstract proposition by any 
means. Common brass fittings arc quite useless in a case like this. 

It will be seen that a very troublesome situation is created when the only 
available supply is of such a nature as tliis, and suitable steps should be 
taken to eliminate the solvent properties of the water. 

There are several safeguards which are commonly employed under these 
circumstances, most of which consist in the use of materials which do not 
deteriorate in so marked a degree as others. Iron pipes and fittings are of 
little value, as they are quickly attacked and rendered useless, while the 
provision of brass fittings will not surmount the difficulty for a similar reason. 
Copper is less subject to corrosion than either iron or brass, and is often used 
in better-class work. The acid, however, has the efiect of dissolving a minute 
portion of the metal, thus imparting a green tinge to the water after it has 
passed through the circulating system. In tliis state it is dangerous and 
unfit for human consumption. To obviate tliis difficulty the pipes are fre¬ 
quently lined with tin, which is immune from the solvent action of the water, 
and gives excellent results, but is is extremely costly, as all portions of the 
system, including pipes, circulating cylinder, and tanl^, etc., must be similarly 
protected on the inside. Lead is obviously out of the question, especially for 
hot water, both on account of the excessive expansion of the pipes, and the 
risk which is incurred of lead poisoning when it is taken into the system. 

It has been found possible of late years to manufacture glass-lined pipes 
and receptacles, and this is, perhaps, the ideal method of storing corrosive 
liquids, but the obstacles which are experienced in bending the pipes, and in 
making effective joints between the interiors of the various sections, seriously 
handicap the efficiency of the work. Elcro, again, also, the question of ex¬ 
pense is a vital factor when deciding as to which method is the most suitable 
under given conditions, and it will probably be found that glass-lined materials 
are too costly for any ordinary domestic work. 

Although it is practically impossible to guard against the unfortimalc 
consequences arising from those conditions, by any mechanical means which 
are really worthy of serious consideration from the point of view of elficiency 
and reasonable economy, it is, at tlie same time, quite essential that some 
steps should be taken to reduce the unnecessary waste which inevitably 
occurs if tbe situation is neglected, and to eliminate the danger to those 
persons whose bodily health would necessarily suffer, in some degree, from 
the continuous use of water possessing such injurious properties. 

Most country residences are provided with their own water-supply, 
especially when they are situated at some little distance from the nearest 
available town main, and this supply is almost invariably obtained from a 
well sunk iu the vicinity. The best site for the well is on the higher open 
spaces of the estate, as a purer quality of water is usually obtainable, on 
account of the improbability of contamination arising from the proximity 
of cultivated land and of inhabited dwellings. This class of land is often 
unfit for cultivation owing to its stony and unproductive nature, and may 
be comparatively unencumbered with buildings of any kind. It is fre¬ 
quently covered with a top layer of peaty loam, and is almost destitute of 
vegetation beyond quantities of gorse and heather, which thrive under 
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these conditions ; bnt, although it may be free from organic pollution in the 
ordinary sense, it will, in aU probability, be charged with the undesirable 
acidity already mentioned* A permanent and unlimited flow can often 
be obtained on these moorland gathering-grounds quite near to the surface, 
and the choice lies between this source of supply and the sinking of a deep 
well which will tap the purer water lying beneath the upper impermeable 
stratum in the soil, on some other portion of the estate. The latter method 
involves a heavy outlay for boring the well and lining the bore-hole with 
iron tubes, and the capital sum which is required for the execution of the work 
will give considerable food for thought before a decision can be arrived 
at as to which scheme will be the best to adopt under the circumstances. 

When all these factors are taken into consideration it will be found that 
better results may be ensured by dealing with the origin of the trouble than 
by the provision of mechanical means for neutralising at the most a portion 
of its objectionable effects after they have materialised. In the case under 
discussion the renewal of all metal pipes and fittings at frequent intervals 
constitutes a heavy drain on the purse of whoever is responsible for the up¬ 
keep of the property, the expense recurring with irritating persistency I 
and then even ideal conditions are not obtainable. 

In such a case the most effective remedy which can be adopted is to 
remove all traces of acid from the water before it comes into contact with 
any metal, and this can easily be accomplished with little trouble or expense. 
The process by which the separation can be carried out consists of the fil¬ 
tration of the water through broken chalk immediately it is discharged 
from the pump, and before it passes into the pipe by which it is conveyed 
to its destination. 

When the supply is drawn from a weU it may be necessary to provide 
a reservoir of suitable capacity for storing a sufficient reserve of water 
against the needs of the dfiy season, and a hand or power-driven pump will 
be indispensable for raising the water. Occasionally the distribution may 
be effected by gravitation direct from the well if sufficient fall in the land 
is available; but, as a rule, the storage reservoir will be required in order 
to obviate the possibility of overtaxing the supply in the day-time when 
large quantities are being consumed. 

When an exceptionally large volume of water is drawn daily from the 
well, the motive power for drivmg the pump can be obtained from a petrol- 
or oil-engine, or an electric motor, the capacity of which will be determined 
by the amount of work which has to be performed, and the period of time 
during which it can be conveniently operated. It is more advantageous 
to instal a plant of fairly large capacity rather than a smaller one which 
needs to be run almost continuously in order to maintain an adequate supply. 
Less wear and tear will be entailed with the larger plant, and a considerable 
economy in the cost of labour will be effected. 

If the well is situated on high and open ground, and the normal quantity 
of water to be raised daily is not excessive, the case can be satisfactorily 
met by the provision of a windmill, which develops the motive power for 
operating a force-pump fixed at a suitable level in the well. These wind¬ 
mills are in use in many parts of the country, and being quite autoxnatic 
and self-regulating, they are especially useful for a small house supply. It 
must be borne in mind, however, that, as the quantity of water which is 
rawed is entirely dependent on velocity and persistence of the wind, 
it is most essential that ample storage should be provided, possibly for seve¬ 
ral weeks' consumption, or the supply may fail in the summer months just 
at the very time when an increased demand is being made on the reserve. 
The apparatus requires very little attention beyond oiling once a fortnight, 
and an occasional new bucket-leather for the pump. Its appearance is not 
particularly ornamental; but this is a point which must be ignored, as it 
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is counterbalanced by the low cost of the motive power which is derived 
from its use. The foot-valve at the bottom of the suction-pipe will require 
periodical examination, as it is liable to become choked by the sand which 
IS silted into the well by the how of water. If this is nciglectcd the pump 
will ultimately be put out of action, or the sand will be drawn up into the 
barrel, and will damage the bucket-leather. 

The storage reservoir can be constructed either above or below the ground 
according to the dihcrence in level between the well and the highest draw¬ 
off tap which has to be served. The maximum fall which can be obtained 
should be given to the supply-pipe from the reservoir in order to expedite 
the distribution of the water by gravitation. When the point of delivery 
is at a higher level than the well, the water can be raised into an elevated 
tank, which must be constructed at a sufficient altitude to generate the 
necessary pressure. If this is impracticable the only alternative will be to 
drive the water to its destination by mechanical means. This necessarily 
increases the initial outlay as well as the working expenses, and should be 
avoided if other arrangements can be made. 

Particular care should be observed when laying the pipe-lino, especially 
when it is of considerable length, as neglect may result in perpetual annoy¬ 
ance through the interruption of the flow arising from air-lock. The pipe 
should slope continuously from the reservoir to the house as far as possible ; 
but if the contour of the land is undulating and precludes the possibility 
of obtaining an unbroken fall over the whole distance, the inclination of 
the pipe should be divided into sections with variable gradients, each pro¬ 
ceeding in the same direction. When a rise is unavoidable, an automatic 
valve should be inserted at the highest point, to permit the escape of accumu¬ 
lated air which naturally collects at the apex of the angle formed by the two 
sections of the pipe, and which, if not vented, might entirely obstruct the 
flow of water in either direction. If the fall is continuous along the whole 
line, the air is automatically vented into the reservoir, even though the 
gradient varies, and no trouble can arise from this source. 

The construction of the reservoir can be carried out in brick, stone, con¬ 
crete, or any other suitable material which can successfully withstand the 
stresses to which it will be subjected. Concrete is peculiarly adapted for 
the purpose, and it carefully manipulated an<l reinforced with expanded 
metal, will make a thoroughly strong and satisfactory job. The interior 
will need to be plastered with a i-in. coat of f^ortland cement and sand to 
prevent leakage of the contents, or considerable waste may take place* 
Absolute security against percolation can be ensured if ihv cement is water¬ 
proofed by the addition of 5 per cent, of '' i’^udlo*' before it is used. This 
closes the pores of the mortar and makes it quih* iiiqx^rvious, and in an 
effective preventive against the admission of foul matter from the soil out¬ 
side, even when it is under considerable pressure. 

A small sand-filtcr, 4 ft. or 5 ft. square, can be arranged in one corner 
of the reservoir by means of tlun dividing walls. Openings should bo left 
at the bottom connecting with the main chamber, for the passage of the 
water, which enters at the top and percolates downwards through the fil¬ 
tering material. The most suitable filtering medium is clean, sharp gravel 
of varying sizes, the largest being at the bottom, and graded to pass a |-in. 
ring. This layer may be x ft. in depth, and should be covered with a number 
of old slates laid loosely over the top to separate the pebbles from those of 
a smaller grade. The intermediate layer, graded to the size of peas, will 
need to be of a similar depth, and the top should consist of 18 in, of coarse, 
sharp sand, which has been thoroughly washed to remove all dust and vege- 
teble matter. Sand filters are more in the nature of mechanical strainers 
in their effects; but, after being in use for some little time, a film is deposited 
QU the surface, which assists in arresting the passage of bacterial life, 



ESSAYS 663 

Before the water is admitted into the reservoir it must be relieved of any 
acid which is held in solution, this being the primary treatment to which 
it is subjected. For this purpose it will be necessary to construct a small 
subsidiary receptacle in which the operation can be performed. Concrete 
can be used in this case also, and should be similarly plastered with pudloed " 
cement, this being entirely unaffected by acids. The dimensions of the 
tank may be approximately 8 ft. long by 4 ft. wide and 4 ft. deep, or larger 
as circumstances demand. The interior should be divided into two com¬ 
partments of equal size by the introduction of a partition wall across the 
centre, extending from the top of the external walls down to within 6 in. 
of the bottom. The water is delivered directly from the well into one end 
of the tank, and the further compartment is connected with the main reser¬ 
voir by means of an outlet-pipe a few inches down from the top. This tank 
can be constructed in one comer of the reservoir, if desired, in a similar 
manner to, and connected with, the sand filter by the outlet-pipe, thus making 
the whole scheme compact and self-contained ; but this will necessarily 
entail increasing the dimensions of the main reservoir. The rising main 
from the pump can be connected either through or over the top of the con¬ 
crete wall. 

The preliminary filtration of the water for the extraction of the acid is 
effected in the primary or small tank, both compartments of which have 
been nearly filled with clean chalk broken to pass a 3-in. ring, and with all 
dust carefully excluded. Chalk has a decided affinity for acids, and as the 
water is delivered into the first compartment and is compelled to pass down 
under the partition, and up to the outlet at the opposite end, it is subjected 
to both downward and upward filtration, and cannot possibly obtain access 
to the reservoir without first coming into intimate contact with the chalk. 
The effect of this treatment is that all traces of the acid are removed from 
the water during its passage to the sand filter, while its alkalinity is improved, 
and it will exert little, if any, deleterious action on the metallic pipes and 
fittings through which it circulates. As both the primary and secondary 
tanks are partially exposed to the weather, it is imperative that suitable 
provision should be made against the effects of frost, any valves or con¬ 
necting pipes being well wrapped round with non-conducting material. 
When the tanks are situated below the ground the open tops can be covered 
in with reinforced concrete supported on light iron joists, entrance to the 
tank for the purpose of cleaning or repairs being obtained through man¬ 
holes formed in the concrete, and covered with a well-fitting slab. 

Although this process is simple, it is remarkably effective in eliminate 
tlie corrosive properties of the water, and little cause for dissatisfaction 
should be experienced if care and forethought are applied to the measures 
which are taken. It is obvious that the periodic renewal of the chalk 
will be essential, as it becomes inert owing to its absorption of the acidic 
element in the water. The length of time which should elapse between 
refilling the tank will depend on ^e composition of the water and its effects 
on the pipes and fittings. 

A simple test for determining the purity or otherwise of the water is to 
immerse a piece of blue litmus paper in a sample drawn from the outlet 
of the primary rank. The least trace of acidity will cause the paper to 
change from blue to red, and the intexxsity of the tint will indicate the con¬ 
dition of the water, and the comparative urgency of the necessity for renewing 
the chalk. 

Very little consideration is required to demonstrate that the only extra 
expenditure involved by the adoption of this plan is the outlay incurred 
m constructing the prima^ filter and its connections. This is really a 
trifimg matter compared with the whole system of water-supply; and as the 
results which accrue from the treatment are perfectly satisfactory in every 
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respect, the expenditure is fully justified both on economic and hygienic 
grounds. 

A OB£AT BZSFAXTXiT (Sir B. Boss) 

I HAVE long intended to publish a short but consecutive review of certain 
efforts of my own since 1899 for the practical reduction of malaria in British 
dominions ; and the recent death of Sir William MacGregor, who helped me 
largely in the work, now compels me to write the paper—^not quite a pleasant 
ta s Vr I should like to add a few personal memories of a good and great 
man, as a duty to be discharged in his honour. 

The Right Honourable Sir William MacGregor, P.C*, G.C.M.G., C.B., 
M.D., LL.D*, the son of a Scottish fanner, was born in 1847 and died in 
July 1919. He took his M.D. at Aberdeen in 1874 and first served as Govern¬ 
ment Medical Officer of the Seychelles, Mauritius, and Fiji. Very soon, 
however, he was selected for general administrative work and became the 
first Governor of British New Guinea (1895), and then Governor of Lagos 
(1899), Newfoundland (i904)» e.nd Queensland (1909)* He retired in 19x4, 
and bought the property of Chapel-on-Leader, Berwickshire, where he died. 
Lady MacGregor survived him only for a few months. 

1 think that I must have met him first in 1899, when he was passing 
through Liverpool on his way to Lagos. At that time I had just returned 
ixom India, where I had recently ascertained that protozoal parasites, like 
higher parasites, may be metaxenous,'* that is, may live in two alternate 
species of ** hosts—^in other words I had shown that certain parasites of 
malaria of men and birds reach their *' definitive stage m certain species of 
mosquitoes (see also Science Progress, April 1917, pages 669-672, and 
April 19x9, pp. 636-7). This meant, not only the finding of the exact 
manner in which malaria is communicated from man to man, but also how 
the disease may be prevented on a large scale. The various guilty species 
of mosquitoes could now be easily identified by feeding them experimentally 
on cases of malaria, and then, when we had studied their habits by the 
usual means, we should be able to control them and the disease carried by 
them wherever we wished to incur the comparatively small expense required. 
On the voyage home in X899 I b.ad said to myself, ** In two years we shall 
stamp malaria out of cverjr city and large town possessing Health Officers 
and Sanitary Departments in British possessions.*' For the brceding-placcs 
of the Anophclinc mosquitoes consist generally of small pools or puddles of 
certain types, mostly easily manageable by ordinary coolies instructed by 
sanitary inspectors, or, in many other cases, by such minor engineering work 
as any municipality or town, or even village-council, can do, 1 had spent 
years of toil on the subject; not because of its interest (because I prefer 
other pursuits) nor for tne sake of pure science," but in order to relievo 
human suffering. My success had been achieved by what I think was 
almost a miracle of luck; and now I gloried in imagination over what tlie 
world was going to get for it all. Think of it: a disease which kills its 
millions a year and torments its hundreds of millions 1 

This was not the dream of a visionary. I had served for eighteen years 
in the Indian Medical Service, for more lhan two years of which I had been 
employed by Government to reform the sanitation of a groat Indian station 
—hard, plain, practical work. I knew all about sanitary organisation, 
drains, town-deansing, sanitary engineering, houses, yards, sewers, official 
procedure, and the rest of it; and 1 had been studying the habits of mos¬ 
quitoes for many more years. The thing could be done—almost everywhere : 
wherever there were a white man to command and a few coolies to work : a 
little work every day, a few extra pounds on the estimates, a trained exigi** 
neer and a larger sum occasionally, some good town ordinances, and a man 
who was not a tool to co<>rdiaate measures and to keep statistics. A word 
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from the head governments—^from the dozens of commissioners, adminis¬ 
trators, governors, and other well-paid proconsuls," from the India Office, 
the Colonial Office, the Foreign Office—could set the whole machinery in 
motion (by telegram) within a few months. In a few more months, perhaps 
in a year, or in two years, the death-dealing pests would begin to fall under 
control, would begin to diminish, even to disappear entirely in favourable 
spots; and with them, slowly, the ubiquitous malady would fly from the 
face of civilisation—^not in this town or that town, nor in this or that colony, 
but almost everywhere throughout the British Empire—^nay, further, in 
America, China, Europe, and the isles of east and west. Not disappear 
entirely, of course (an impossible ideal at the time), but be banished from 
the most crowded centres of civilisation. 

Men of science, and indeed all humanitarians, should know what really 
happened. There was no doubt about the discovery. In 1898 my work 
was confirmed by the great Robert Koch and by Dr. Daniels, and was 
pirated by distinguished Italian writers. Almost every detail of the life of 
the parasites of malaria in mosquitoes had become known ; and I had 
infected healthy birds in Calcutta by the bites of mosquitoes in 1918, and 
the Italians had subsequently infected healthy men in Rome. My work 
had been published by myself officially in India, and by Dr. Manson in 
England ; and I had reported my new method for reducing malaria to the 
Government of India. The habits of mosquitoes were well enough known 
to justify an immediate attack upon them ; and in 1899 there was no earthly 
reason why such an attack should not have been commenced everywhere. 
On arrival in England I lectured on my new method and then set out at 
once for West Africa to try to put it into practice. Hurrymg back, I 
described the whole situation in four articles m the British Medical Journal 
(1899, vol. ii.), published a Report, gave more lectures, and wrote more 
articles. In 1901, finding that nothing was being done, I went again to 
West Africa (at my own expense) to give an object lesson on my method 
with {,2,000 suppli^ to us by a philanthropist of Glasgow for the purpose; 
and in 1902 revisited Sierra Leone to see how the work was progressing. 
Between these visits I wrote two little books on the subject, gave innumer¬ 
able lectures, refuted innumerable people who " exposed " us in the daily 
press, and argued with professors who assured us that it was as absurd to 
tiy to reduce mosquitoes as it would be to try to reduce the atmosphere. I 
visited high officials, wrote to Secretaries of State, enlisted the aid of 
several great ladies, and even made laborious mathematical studies of the 
subject—sec my Prevention of Malaria (Murray). 

The only result was that at the end of the two years, by which time I 
had hoped for so much, the enlightened municipalities of Calcutta and 
Freetown had each employed one native, at a salary of about {t a month, 
to remove all their mosquitoes; but as the result was disappointing they 
soon stopped this extravagant expenditure; and, instead of it, I^^eetown 
gave {^00 a year as salary to a local medical man for general sanitary work 
without the removal of the mosquitoes—^which were the main cause of its 
sickness I But in 1901 the Americans discovered that yellow fever also 
is carried by mosquitoes, and, unlike the plantigrade British, immediately 
attacked the insects in Havana, with the result that that disease was entirely 
banished there and malaria was largely reduced. In the same year Sir 
William MacGregor, advised by his capable Senior Medical Officer, Dr. Henry 
Strachan, commenced similar work at Lagos, where I visited him; and 
Dr. Malcolm Watson began his admirable campaign (still being continued) 
in the Federated Malay States. In 1902 I was invited by the Suez Canal 
Company to rid IsmaUia of malaria; I went there with Sir William Mac¬ 
Gregor ; and in a year the disease was banished by the labours of no more 
thsin four w'orkmen (as Dr* Prea^at h^ stated) I But ©iter thia the world 



666 SCIENCE PROGRESS 

thought it would rest from its labours and did nothing more for a long time 
—except some good work at Hongkong, Khartum, and Durban. In 1904 
I went to Panama in order to advise the Americans regarding the Canal, 
which was then being started—and the subsequent work under Surgeon- 
General Gorgas is famous. In 1906 I visited Greece for the Lake Copais 
Company; and, at last, in 1907, a British Colony, Mauritius, invited me to 
get their house in order (this action was due principally to the Ftench 
planters there). In 1911, I attended a medical congress at Bombay, where 
a number of smart young men proved to me with some contumely that 
the reduction of mosquitoes is always an impossibility. Lastly, in 1913, the 
Colonial Office actually sent me to Cyprus, where the malaria has been 
steadily diminished by Dr. Qeveland ever since. Then the War began. It 
has been said publicly that I made my fortune by all these journeys. I 
may therefore tell those who are interested in rewards for science that for 
my three visits to West Africa I received not one penny and not even thanks ; 
that for ridding Ismailia of malaria the wealthy Suez Canal Company gave 
me ^100 for expenses in 1902 and nothing since; and that for the rest of 
my visits abroad I was paid a total of £1,200, less some out-of-pocket 
expenses. For going to Panama I received nothing; but I was robbed of 
£100 worth of greenbacks on arrival 1 I was able to continue the work 
owing entirely to receipt of a Nobel Prize from Sweden in 1902 (for my 
previous work in India). 

What was the cause of the delay ? The machinery was already in 
existence in 1899. All that the innumerable medical and sanitary officers 
had to do was to read the pamphlets, articles, and directions, to ask for the 
small funds required, and to set to work. If they failed, there were numerous 
Commissioners and Governors and Sanitary Councils to provide funds and 
to urge them on ; and if these failed, there were the India Office, the Colonial 
Office, the Foreign Office, and Parliament itself, whose duty it was to see 
that such work was done. And all this time the people of these innumerable 
towns were suffering or dying of the disease, which, moreover, was causing 
an enormous waste of money, was paralysing many industrial pursuits, and 
giving whole countries an evil reputation. But no, almost nothing was 
done. I call this the Great Default; and I resent it—^not for myself, because 
it is nothing to me personally—^but for the sake of the thousands upon 
thousands who have suffered because of it. 

The proper thing for a competent Government to have done in 1899 
was to have formed at once a strong interdepartmental committee to deal 
with the new method of malaria prevention throughout the Empire, and to 
have employed me and other experienced sanitary officers to carry out the 
work ; and I have no doubt that if this had been done an immense saving 
of life would have been cllectcd, I tried in vain to get a hearing for the 
proposal. Instead of such a body the usual futile advisory committees were 
appointed, consisting of men who had no real knowledge of the subject 
and cared nothing for sanitary matters, and who did practically nothing. 
At that time, moreover, there were a number of people who had been little 
heard of before but who were making quite a good thing out of my work— 
and who opposed everything I suggested. They advised that instead of 
reducing mosquitoes it would be better for everyone in malarious areas 
to take quinine ad infinitum, or to protect their houses with wire-gauze, 
or to wear veils, gloves, and ** mosquito-boots " (sic —^in the tropics I). But 
not content with this some of them suddenly brought up a resolution at a 
committee of the Royal Society, demanding an enquiry (managed by them) 
into my gratuitous work in West Africa (which they had done nothing to 
hdp) and suggesting that some of the money given for our object-lesson 
had adhered to our fingers I Fortunately we had kept all the accounts and 
vouchers, and Mr, Joseph Chamberlam quashed the “enquiry" at sight 
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on receipt of a personal letter from me. That is aU that I ever received lor 
showing the West African Colonies how their malaria is carried and how it 
should be reduced—^needless to say, I never went there again. But, although 
he helped me on that occasion, Mr. Chamberlain (then head of the Colonial 
Office) was never allowed to see the practical bearing of my suggestions; 
and when, at a deputation to him, I begged him to appoint Sanitary Com¬ 
missioners for West Africa on the usual public-health model, to see that 
real sanitary work was being done there, he gave the typical politician's 
reply that he did not care to appoint spies (sfc) over the work of his local 
officers 1 So much for the Colonies. As for India, it had done almost 
nothing since I left it in 1899 except to conduct a bogus experiment at Mian 
Mir (Lahore) to prove that mosquitoes could not be reduced, or that, if 
they could, their reduction would not affect the malaria (though it was 
admitted that the latter was due to the former !). The fact was that mos¬ 
quito reduction was unpopular because it forced local sanitary staffs to 
work, and local governments to expend some small funds. Money spent on 
reducing the death-rate has little to show for it in comparison with money 
spent on new post-offices, hospitals, or colleges—to which the names of 
great local administrators may be attached as a perpetual memorial. Jt 
was always easier, not to spend money on mosquito-reduction, but to issue 
instructions to the people adjuring them to take quinine, protect their 
windows, or wear veils : this would show that Government was doing some¬ 
thing and would save them money at the same time. Of course the people 
would pay no attention whatever to the advice—^but that didn't matter. 
• . . Well, at last I determined to make a final appeal to the head of the 
India Office in London himself. I spent an hour alone with him pleading 
my cause on behalf of the million people who are said to die of malaria 
every year in India alone, and of the millions more, mostly children, who 
suffer from it. He sat before me like an ox, with divergent eyes, answering 
and asking nothing. Of course he did nothing. He was the personification 
of the British nation in the presence of a new idea; and as I left I could 
almost fancy seeing the prophetic handwriting on the wall over his head, 
Mene, mene, ieheh upharsin, A little later the Americans abolished malaria 
from the whole Panama Canal Zone, chiefly by my methods, and thus won 
the real honour of having been the first to develop a great new sanitary 
measure. The British have many good qualities, but also grave defects, 
which, if not corrected, will certainly lose them that hegemony of the world 
which their forefathers earned for them. 

Sir William MacGregor was not a politician but a genuine administrator, 
careful of the real interests of the peoples entrusted to him. The only 
medical man who has been a British governor of recent years (and we ought 
to have many such governors), he was aware of the superlative value of 
sanitation in the development of a colony. Wise, grave, but humorous, 
bearded, thick-sot, with wrinkled forehead and a high and somewhat conical 
bald head, his kindly manner and low voice filled all with trust in him. He 
drank no wine and did not smoke; but was no fanatic in these respects, 
and kept an hospitable table. Every night he read from his Greek Testa¬ 
ment, and was also skilled in French and Italian and in several indigenous 
languages. He was a mathematician, a practised surveyor, a lapidary, and 
a master of many arts, but always proud of his medical upbringing and of 
his nationality. Wlien I visited him at Lagos during my second visit to 
Africa in 190 x he himself accompanied me on my inspections, in order to 
understand what I proposed to do. Dressed in a kilt and solar topee—a 
somewhat incongruous mixture—^he introduced me politely to the large black 
ladies keeping market stalls in the ba.zaar; because he wished to start a 
** Ladies' League " against malaria in Lagos. Indeed, he gave us a great 
luncheon to inaugurate the League, where the coloured quality " made 
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very merry. He ordered all the Europeans in the Colony to take quinine 
regularly and nearly poisoned himself twice a week with a large dose in order 
to set an example. Counselled by his able Chief Medical OflOicer, Dr. Henry 
Strachan, he took up my teaching with enthusiasm and wide understanding ; 
and next year accompanied me to Ismailia on the Suez Canal, where the 
first and most striking success of mosquito-reduction " was obtained. I 
remember that when we were at Cairo he wished to buy a genuine ancient 
scarab. A dealer showed him a number on a tray; but he took up one of 
them and exclaimed, " How very odd I Is this a genuine scarab ? Why, 
it is made of a kind of stone which is found only in Australia 1 " 

Unfortunately, Sir William's health broke down in Lagos, and he was 
promoted to Newfoundland. But he always helped me with his influence, 
and when he went to Australia he founded the Queensland Institute of 
Tropical Medicine there. Owing to him and to Colonel Seely 1 was at last 
made a member of certain medical committees of the Colonial Office, from 
which my friends had hitherto taken care to exclude me; but I resigned 
them later for the reason given in SaENCE Progkess for July 1916, p. 147. 
He also endeavoured to obtain a Colonial Governorship for me, so that I 
might give effect to my sanitary methods—of course, without avail. He 
was keen to become a £ind of Imperial Sanitary Commissioner for malaria 
after his retirement from Queensland. I saw him frequently before he 
died; and we concluded that we had done wbat we could, that our great 
schemes were beyond the vision of poor Mr. John Mule, and that the future 
of malaria prevention had now become a part of ordinary sanitary work and 
must be left to the competence or incompetence of local authorities. Some 
advances are now being made, but not a tenth of what ought to be done. 
I have just received a report on the subject regarding I^eetown, Sierra 
Leone, where I taught them exactly what to do in 1899—and we call our¬ 
selves a civilised nation ! To learn what fools men may be, show them how 
to save their own lives. 

In the whole of this work the Briti^ medical profession has given prac¬ 
tically no help at all. Dominated by persons of small consequence, it pos¬ 
sesses little power or influence in the country and fails to insist upon neces¬ 
sary reforms. Thus Laveran's discovery of the microscopic parasite of 
malaria was neglected as a means of routine diagnosis for twenty years; 
and even to-day thousands of soldiers suffering from the disease have often 
to be treated by doctors who have never been properly instructed about it, 
and who, apparently, seldom read tlic literature. In my opinion medical 
degrees and diplomas should be renewable by examination every ten years 
or so. Sir William MacGregor was, I think, the only high British official 
who ever grasped the real importance and signification of the general anti¬ 
malaria scheme which I proposed in 1899. 

The fact that malaria is carried by mosquitoes is one of prime importance 
for civilisation, now and hereafter; and we should have expected Uiat an 
empire which always lauds itself for its humaneness and practical good sense 
would have done more to utilise it. Moreover, the empure paid nothing for 
the discovery in the making and has hitherto refused to pay anything for 
the boon when it was obtained—sec Science Progress, January 1914, and 
October 1915. Altogether a melancholy picture of incompetence and in¬ 
gratitude. More noble, therefore, by contrast, that figure of the last of the 
medical Governors. 
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£OOIC Axn> ICATKEMATICS. by the late P. E. B. Joukdain, M.A. : 
on— 

• Lectures on the Philosophy of Mathematics, by James Byrnie Shaw. 
[Pp. viii + 206.] (Chicago and London ; The Open Court Pub¬ 
lishing Company, 1918. Price 6 j. net.) 

An Introduction to Mathematical Philosophy, by Bertrand Rtjssell. 
[Pp. viii + 308.] (London: George Allen and Unwin, Ltd.; New 
York: The Macmillan Company. Price lo^. 6 d, net.) 

The object of Prof. Shaw's Lecfuyes " is to consider the whole field of mathe¬ 
matics in a general way, so as to arrive at a clear understanding of exactly 
what mathematics undertakes to do, and how far it accomplishes its pur¬ 
pose; to ascertain upon what presuppositions, if any, which are extra- 
inathematical, the mathematician depends" (p. vi). With this end in 
view, Prof. Shaw describes in some detail the subject-matter of mathematics 
and the predominant characters of the objects with which mathematics 
concerns itself. He finds that the objects it studies are numbers, figures, 
arrangements, propositions and propositional functions, operations, hyper- 
numbers, processes leading to transmutations, and deductive systems; the 
chief characters of the objects are those of form or structure, invariance, 
functionality, and inversion. But no one of these different kinds of objects 
or principles—or even the sources or methods or regions of validity of 
mathematics, which we shall mention afterwards—can furnish a satisfactory 
definition of mathematics which would include the entire subject (pp. 154, 
6-11). 

The second chapter discusses number and the arithmetisation of mathe¬ 
matics. The five stages in the development of the idea of number are the 
invention of integers, of fractions, of incommensurables, of what Prof. 
Shaw calls the " ensemble " (p. 24), and of the very general ranges that 
appear in the work of Fr6chet, Moore, and Volterra (p. 29). " For our pre¬ 
sent purpose it is simply sufiSicient to cite these past] investigations, in which 
physical intuition is helpless, to prove our general thesis that mathematics 
is a creation of the mind, and is not due to the generalisation of experiences 
or to their analysis; nor is it due to an innate form or mould which the 
mind compels experience to assume; but is the outcome of an evolution, 
the determining factors of which are the creative ability of the mind and 
the environment in which it finds the problems which it has to solve in some 
manner and to some degree " (p. 30). Every one of the different branches 
of mathematics leads to the same conclusion, as is shown in chapters iii-ix, 
which are respectively on space and the geometrisation of mathematics— 
this geometrisation being " that every problem of analysis has a geometrical 
interpretation, and every problem of geometry may be formulated ana¬ 
lytically " (pp, 38-^); arrangements of a group of objects, and mathematical 
tactic; logistic and the reduction of mathematics to logic (which has already 
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been noticed in Science Progress, 1918, 12, 541) : operators and the 
reduction of mathematics to algorithms—^to purely arbitrary modes of com¬ 
binations of operators (p. 95); hypemumbers and the reduction of mathe¬ 
matics to algebra—to statements in terms of hypcrnitmbcrs (p. 113) ; the 
reduction of mathematics to processes —^to modes of transition from a 
given object or arrangement of objects to another object or arrangement of 
objects (p. 117); and the active exercise of the thinking function ol mind " 
(p. 122) as shown in systems of inferences. Chapters x-xiii find tliat mathe¬ 
matics cannot be defined by reference to any particular one of its four dis¬ 
tinct and independent principles: form (cf. pp. 9, 130, 132, 135), invari¬ 
ance (c£. pp. 9, 140-1), functionality (p. 146), inversion—^the consideration 
of problems leading to the creation of new mathematical entities, inversion 
being the principle of creating a class of objects that will satisfy certain 
defining statements " (p. 152 ; cf. pp, 9, 149). The last three chapters are 
inquiries into the source of the reality that is in mathematics, its method 
of arriving at truth, and the realm of validity of its conclusions. 

On the whole it is, I think, impossible not to assent to Prof. Shaw's con¬ 
clusion tliat it is impossible to reduce the whole of what most of us mean 
by " mathematics " to any one of the categories marked off by him. It is 
only by tacitly limiting the significance of the word mathematics '* to the 
subject-matter alone that Russell and others came into conflict with Poin- 
carl, who tacitly supposed—^like most of us—^ihat mathematics " denotes 
something which includes certain mental activities, and which has thus a 
life and a history and contains methods of discovery as well as logical sub¬ 
ject-matter. But, while Prof. Shaw seems right in one of his main con¬ 
tentions, I cannot help feeling that his distinction between a statical" 
and a ''dynamical" part of mathematics (pp. 8, 117, 126) rests on an 
analogy which is misleading; a transmutation, for example, can be defined 
as a c^ss of relations in as " statical" a way as an irrational number. Also 
the point of the book is not, I think, made any clearer by the extraordinary 
rhetoric (cf. pp. 1-8). For example, we read: "Could a powerful tele¬ 
scope show us the antipodes, or could an electron wind its tortuous way 
according to a law expressed by the Weierstrass non-differeniiable func¬ 
tion ? " (p. 3), 

On pp. 25-7 there is a mistaken attempt to discredit Cantor's proof that 
there are more irrationals than rationals, by pretending that the proof 
depends on the purely arbitrary assignment of an infinite set of coefficients. 
Cantor's proof of 1892 explicitly avoided this arbitrariness, an<l, of course, 
is not afiected by the other " objection " (p. 27) that one and Uie same in¬ 
finite collection can be arranged to correspond comjfietely or not with one 
another collection. What Cantor proved is that, whore R is any onc-ono 
correlation of a collection M with the collection of parts of M, there always 
can be defined, as a function of Jf?, a definite part of M to which no member 
of iWf is correlated by R. 

If, indeed, Russell alone—as seems a mistake which Prof, Shaw sliares 
with many people—^is to be credited with the theory that mathematics is 
capable of a reduction to logical terms expressed by symbols o£ " logistic," 
it is not difficult to understand the dislike which responsible mathematicians 
have to this " logistic " in view of the frivolous and unedifying remarks on 
truth and falsehood published by Russell in 1904, and quoted with deserved 
scorn on pp. 162-3. It is hardly to be wondered at that no attempt sjhould 
have been made to settle clearly the merits of the dispute between Poincar6 
and Russell. 

In former days, such subjects as the nature of infinity and continuity 
belonged to |»hilosophy: now, thanks to some mathematicians of the last 
half of the nineteenth century, they belong to mathematics. The logically 
cacact definition and investigation of such fundamental concepts as number, 
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matliematical space, infinity, continuity, and serial order, has led Georg 
Cantor, Dedekind, Frege, Peirce, Schroder, Peano, and "others, to results 
among which some found by Dr. Whitehead and Mr. Russell are probably 
permanent; and to which, in the second book under review, Mr. Russell 
attempts to give a brightly written and popular introduction. 

By " mathematical philosophy" Mr. Russell apparently means what 
other people have called " the philosophy of mathematics," and, on the 
whole, the name used by these others seems preferable: there is nothing in 
Mr. Russell's philosophy, apart from the applications, that strikes one as 
particularly mathematical. Even the elaborate s3nnbolism used in Dr. 
Whitehead and Mr. Russell’s large Principia Mathematical which looks 
something like the usual symbolism of mathematics though it has a different 
purpose, is not used in the present volume, while a philosophy of mathe¬ 
matics need not be mathematical any more than a philosophy of art need 
be artistic. The purpose of the Russell-Whitehead symbolism—an attempt 
to combine the advantages of those of Peano and Frege—^is quite different 
from that of mathematical symbolism. In fact, " mathematics is a study 
which . . . may be pursued in either of two opposite directions. The 
more familiar direction is constructive, towards gradually increasing com¬ 
plexity ; from integers to fractions, real numbers, complex numbers ; from 
addition and multiplication to differentiation and integration, and on to 
higher mathematics. The other direction, which is less familiar, proceeds, 
by analysing, to greater and greater abstractness and logical simplicity; 
instead of asking what can be defined and deduced from what is assumed to 
begin with, we ask instead what more general ideas and principles can be 
found, in terms of which what was our starting-point can be defined or 
deduced. It is the fact of pursuing this opposite direction that characterises 
mathematical philosophy as opposed to ordinary mathematics " (p. i). 

The book consists of eighteen chapters, which deal, in a somewhat popular 
way, with the following subjects respectively: Peano's derivation of the 
whole theory of the natural numbers from three primitive ideas (" zero," 
"number," and "successor"), and five primitive propositions in addition 
to those of pure logic; Frege’s (1884) definition of number which was re¬ 
discovered by Mr. Russell in 1901; definitions of all of Peano's primitive 
ideas in logical terms, and considerations on finitude and " mathematical 
induction " ; the essential characteristics of a relation which is to give rise 
to " order," and a suggestion of a generalisation of serial relations (p. 41); 
various kinds of relations; ordinal " similarity " of relations, and " rela¬ 
tion-numbers " : logical definitions of rational, real, and complex numbers ; 
the theory of transfinite cardinal numbers as it results from a combination 
of the discoveries of Georg Cantor and Frege; more general consideration 
of infinite series, ordinal numbers, and Alephs; the (ordinal) notions of 
limit and continuity ; the same notions as applied to functions ; selections 
and the " multiplicative axiom " ; Mr. Russell’s " axiom of infinity " and 
his theory of " logical types " ; the tlieory of deduction; propositional func¬ 
tions ; descriptions (the word " the " in the singular); classes (" the " in 
the plural); and the relation of mathematics and logic. 

Since Mr. Russell and Dr. Whitehead began working (1900) at the reduc¬ 
tion of mathematical conceptions to those of logic, they have steadily become 
more and more symbolical, in the narrower sense, and less and less capable of 
expressing matters about the principles of mathematics in ordinary language. 
The present volume seems to mark a culmination of this incapacity. For 
example, by a " proposition " is meant " a form of words which expresses 
what is either true or false " (p. 155); and, on the same page, a " proposi¬ 
tional function" is also said to be an " expression," But, on the very next 
page (cf. pp, 157 ff.), Mr. Russell seems to find his restriction so awkward 
that be speaks, as we all do, of a proposition as being true or false. This is 



672 SCIENCE PROGRESS 

gross carelessness ; it is like the habit of those mathematicians—whom 
nowadays we would not call precise—^who used to say that a “ function is 
an " expression/* These careless people were rightly corrected by Frege, 
and it & inexcusable for any modem writer on the logical principles of 
mathematics to revert to pre-Frege errors and confusions. Many years ago 
Mr. Russell himself, in Mind for 1906, criticised this error in H. MacColl; 
when Whitehead and RusseU's Principia Mathcmatica began to appear in 
191a, Mr. Russell acknowledged the justice of the present wriier*s strictures 
in the CamMdge Review on a crop of similar errors, bnt said that they were 
all due to Dr. V^itehead ; now Mr. Russell himself repeats (Cor at least the 
third time) some of these errors. 

The book does not contain much that is new except disavowals. There 
is a disavowal (in the note on p. 203) of a fundamental characteristic of Dr. 
Whitehead and Mr. Russell's Princi^ka Mathematica which, it may be neces¬ 
sary to add, imitates a book of Newton in title, but in title alone. And 
there is a disavowal of the method which Mr* Russell used in his Principles 
of Mathematics of 1903 to show that there are an infinity of things in the 
world of mathematics. This proof of 1903 was, of course, fundamental 
to the wholO attitude Mr. Russell then adopted towards the question of 
infinity; but the first thing to obsprve is that there is an air of hocus- 
pocus al^ut it [this argument ]: something reminds one of the conjurer who 
brings -things out of the hat" (p. 135). The argument relied on forming 
the complete set of individuals, classes, classes of classes, etc., hut now 
Mr. Russell's " theory of typos *' forbids us to put together individuals, 
classes, etc., which are of different “ logical types." So Mr. Russell parts 
company with his former self—and also, it may be mentioned, with Plato 
(p. 138). It is apparently what Mr. Russell calls " a robust sense of reality 
(pp, 135, 170 ; cf. p, X69) that has led him to this tlaoory. Indeed, Mr. 
Russell remarks with some approval that " the reader will feel convinced 
that it is impossible to manufacture an infinite collection out of a finite col¬ 
lection of individuals, though he may be unable to say where the flaw is in 
the above construction " (p. 135). But Mr. Russell's process for preserving 
part at least of the numbers of ordinary mathematicians strikes one as quite 
as much of a conjuring trick as Iris former method. In the first place, of 
individuals there may be only a finite number or even none at all (p. 134). 
Then we have another type (classes of individuals) : then another type 
(dasses of classes), and so on. We manufacture all these types out of classes 
or classes of classes ... of no individuals, and got any finite number wo 
wish, however large, by simply going up the hierarchy of ** logical types." 
But, then, " classes " are (p. 182) said to be fictions, even if there arc indi¬ 
viduals, so that it is difficult to see how numbers at all can be preserved 
if they are only to belong to fictions, or fictions of fictions, or so on—perhaps 
even the more so as there may not be any individuals to give rise to such 
fictions. The case as regards individuals comes to a very Jamo conclusion, 
Mr. Russell is finally reduced to defining " individuals " (p, i/ja) by moans 
of the kind of symbols by which they are symbolised, in order to avoid a 
plunge into metaphysics. This would be about as satisfactory as to define 
a species of anim^L by the name we may give to it, so that the species might 
vary if one had a cold in the head. The curious belief in the power of the 
word is also shown when a proposition is defined, as has already been re¬ 
marked, as a " form of words," even though Mr. Russell finds it convenient 
to s:^ak of propositions as tme or false, Mr. Russell has sometimes entlm- 
siasticaJly praised Humpty-Dumpty's way of treating words, but it seems 
that in ms later works he has fallen far behind Humpty-Dumpty. 

To sum up, if some theory of logical types " is necessary, most matho- 
mat teia u s would be grateful if the grounds were stated, not as Mr. KussoU 
Jm them here, but convhxcingly, undogmatically, and &eed from 
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appeals—which have been shown to cut both ways—to a " robust sense of 
reality/' 

Mr. Russell assures us (p. v) that he has made " the utmost endeavour to 
avoid dogmatism on such questions as are still open to serious doubt/' 
However, on p. 117, he asserts that the multiplicative axiom . . * can 
be enunciated, but not proved, in terms of logic/* If Mr. Russell's boast 
(p. 167)—^which seems to mean that his love for truth caused him to rise 
superior to the discomforts of a prison—^is not humbug, it is impossible to 
account for the fact that the proof of this axiom in Science Progress (1918, 
13 , 178, 299-304) should be overlooked. Dr. Whitehead and Mr. Russell 
had both seen this proof—an amended form of an earlier attempt which 
was defective through a mistaken belief that a certain essential link, which 
happened to be known to the author of the above paper, had been already 
supplied by F. Hartogs, and that therefore it was not necessary again to 
supply this link—^in July 1918—awhile this book was yet unwritten, or, at 
least, while it was yet m manuscript. The criticisms made on both Dr. 
Whitehead and Mr. Russell were obviously based on inattention, and were 
naturally superficial: there was a total disregard of the fact that an un¬ 
ambiguous rule was provided for arranging the chains " of Jkf in classes 
of direct continuations," in such a way that there cannot be a chain of M 
which continues all of the chains of any particular class of direct continua¬ 
tions ; and also that> for each class of direct continuations, it is obviously 
possible to conclude that if the class has chains respectively of all t3rpes 
less than for example, M has a chain of type o. In most cases liere 
would be no grounds to find fault with either Dr. Whitehead or Mr. Russell 
for ignoring a particular piece of work; but in this case the work was a 
serious attempt, against which there have been advanced no sound or even 
inteUigent criticisms, which would make superfluous large parts of Dr. 
Whitehead and Mr. Russell’s own PHneipia Mathematica, and would also 
give a necessary foundation, which neither of the authors mentioned could 
discover, for Dr. Whitehead’s chief results on the arithmetic of cardinal 
numbers. It cannot, then, it seems, be denied that Mr. Russell has allowed 
other motives to int^ere with his love of truth, Mr. Russell once remarked 
that he loved his country, but loved the truth still more: paradoxical as it 
may seem in view of recent action under the Defence of the Realm Act, it is, 
perhaps, the case that Mr. Russell loves his coxmtry more than he loves the 
truth. 

That limits and continuity of functions can be defined purely ordinally, 
whereas they arc usually defined in terms involving number, is stated 
(p, 107) to have been shown by Dr. Whitehead. The facts of the case are 
these: In 1902 the present writer communicated to Dr. Whitehead a defini¬ 
tion of a continuous function which had certain very great advantages for 
purely ordinal treatment. In his book of 1903 Mr. Russell remarked that 
continuity of functions necessarily involves number; and so the present 
writer developed his purely ordinal treatment of continuous functions in 
one of the best-known mathematical journals —Journal for 1905. 
Copies of this paper were sent to Dr. Waitehead and Mr. Russell; and up 
to 1912 the present writer published much, extending the scope of purely 
ordinal conceptions in various other parts of mathematics. In 19x3 Dr, 
Whitehead and Mr. Russell published a purely ordinal definition of a con¬ 
tinuous function, without mentioning any other work. This definition was 
practically the same as the one published by the present writer eight years 
previously, and is the definition referred to by Mr. Russell in the above 
passage. The matter is not of great importance except that it throws doubt 
on the good faith of Dr. Whitehead and Mr, RusseU. 

Lastiiy, on pp. 203-5 there are conclusions as to the logical nature of 
mathematics which would provoke a smile. This is mainly owing to the 
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choice of a word to describe “gthe characteristic of logical propositions”— 
namely, "tautology.” The present writer cannot help feeling that the 
emphasis on the tautological aspect of mathematics arises from Mr. Russell's 
present attitude towards infinity; he tends to be unduly sceptical about 
infinity, much as he was in 1896, when he hastily denied the validity of 
Cantor's work. There is, it seems, a failure to grasp what was sound in the 
contentions of such men as Poincare, who maintained that the infinity in 
the principle of mathematical induction avoided tautology. 

This book is a lamentable performance. Lamentable because many of 
us have a vivid recollection of good service which Mr. Russell has done in 
the past to the cause of logic, before he took to journalism m 1912, 

The book is pleasantly written. But if the s3rmbolic language of Dr. 
Whitehead and Mr. Russell really does express anything that is both true 
and not trivial, that Mr. Russell has utterly failed to express in ordinary 
words. 

THE PAli.SOErTOX.OGlCAli HISTOBY OF THE GYMETO- 
SFEHIES on: Fossil Plants. A Textbook for Students of Botany and 
Geology. Vol. 4, Ginkgoales, Coniferales, Gnetales. By A. C. Seward, 
M.A., F.R.S., Master of Downing College, Cambridge. (Pp. xvi-p 541, 
with 190 illustrations.) (Cambridge: at the University Press, 1919. 
Price IS, net.) 

The fourth volume of Prof. Seward's monumental book on Palacobotany is 
the final one of the series. On its title-page, however, it reveals the dis¬ 
appointing fact that the work ceases with the Gymnosperms, and it does not 
touch the Angiospermic flora at all. As the present-day flora which catches 
the eye consists almost entirely of members of the Angiospermic family, it 
may seem as though it were impossible to complete a book on the history 
of plants and leave out the flowering plants. Nevertheless, owing to tlxe 
nature of the material on which the science is based, and owing to the com¬ 
paratively short history of the flowering plants (which did not appear 
until weU on in the Cretaceous), the reputable data of Palacobotany are 
almost all to be found concerning the Coniferac and lowlier groups. 

The author himself says: “ it is with a keen sense of the incomplete¬ 
ness of my task that Volume IV is concluded without any attempt to deal 
with the abundant, if, in very many cases, undecipherable records of Angio- 
sperms. . . . What is needed ... is the co-operation of trained systematists.” 
The difficulty, however, in obtaining this co-operation of trained syslcmatists 
is that the modern botanist bases his classification on the floral details and 
fructifications of plants, whereas one may safely say that 95 per cent, of 
the remains of fossil Angiosperms consist of foliage loaves in varying degrees 
of incompleteness. The points on which classification n)ust therefore depend 
axe primarily venation and the marginal outline of the leaf. By an unfor¬ 
tunate chance even the ” cuticle preparations ” wliich arc now so useful, 
particularly in specimens from the Lower Moso^soic, arc extremely naro 
for the Higher Mesozoic and the Tertiary deposits containing dicotyledonous 
and other leaves, and they have not yet been used with any practical cliect 
in work on dicotyledons. In recent years the only output of work of any 
magnitude on the Angiosperm fossil flora comes from America, where the 
deposits are of first-rate geological importance; but we do not lack excel¬ 
lent fossil material in this country, were workers in this field to arise. By 
the untimely death of Gement Reid, research on the late Tertiary Angio¬ 
sperms was prematurely cut ofl, and the earlier Tertiary collections in this 
country are still lying as undescribed specimens awaiting the research worker 
to handle them. However, in the middle of last century, much has been 
published by various European scientists, such as Heer, Ettingshausen, and 
others, so that there will be a very volumiaous critical work awaiting 
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one who mnst! some day arise to deal with the whole question of fossil 
dicotyledons. 

Our author leaves this theme alone, for he modestly considers himself 
inadequately equipped to attack it; but we feel that such a work from his 
pen, even if not ideal, would be of great use, and that he is indeed sufficiently 
equipped for this task, although he may not feel an interest acute enough 
to drive him to undertake such a toilsome labour of love. 

The present volume; appeals pre-eminently to palseobotanists and 
botanists, but geologists should be glad to turn to it for records of genera 
with which they must from time to time deal in various geological horizons. 
To anyone engaged upon research in any of the three above-named sciences 
the possession of this text-book is essential. 

The specialist might be tempted in every chapter to discuss, and perhaps 
to criticise, the detailed arrangement, the nomenclature, or the proportionate 
space allotted to each genus. Detailed criticism, however, is out of place 
in the present review, the main theme of which must be congratulation to 
the author on the accomplishment of his very laborious and exhausting 
work, and thanks to him for the service which he has rendered to the science. 

Although a textbook, one finds in its pages quite a number of species 
and genera described or named for the first time. Some of these, of com¬ 
paratively minor importance, are adequately dealt with in the few lines 
allotted to them. Sometimes the fact that they are new species has tempted 
the author to give them space a little out of proportion to their importance. 
Among the new generic names several are created for the renaming of 
already described and known genera, such for instance as MesemhHoxylon. 

With Prof. Seward, we think that it is well to drop Gothan's two-genera 
PodocaYpoxylon and Phyllooladoxylon, but one doubts whether the newly 
instituted Mesembrioxylon will catch on."' It carries with it the haunting 
suggestion of quite another affinity, and, as our author points out, the 
anatomical characters of the plants it covers are particularly difficult to 
handle. 

Until Palaeobotanical science, however, is very much more advanced 
than it is at present, the terminology must depend on the view-point of the 
individual workers who describe and deal with details so minute as to be 
in general overlooked by the recent botanist, who has the much easier task 
of classifying complete material. 

Professor Seward is on the whole sane, and not too much of a purist 
as regards nomenclature, although in one or two ^places he tends to use 
terminology in a way which one hopes will not receive universal acceptance. 
For instance, his rechristening of various fossil woods and his eliminating 
the useful name Araucarioxylon would seem to impoverish terminology. 

Almost every important fossil plant in the families covered by this volume 
finds a place in it. One exception to this, however, is noted in the absence 
of the beautiful Japanese species from that interesting genus Ptepinus, of 
which only two other species are known. 

Owing to the unsatisfactory nature, and the comparative rarity of good 
impressions of the foliage, a very large proportion of the fossil members of 
the G3mnosperms are represented by petrified anatomical specimens, in 
particular of their woods, A large section, therefore, of this book deab 
with the subtle details of Gymnospermic wood anatomy, and discusses 
usefully the structural points on which specific determinations can be made. 

The writer says very truly: " No branch of palaeobotanical research makes 
greater demands upon the patience and self-control of the student/' and 
yet, as Prof. Seward goes on later to say, '* The main point is that the 
student cannot afford to neglect this line-of enquiry if he desires to obtain 
a comprehensive view of the changing combinations of structural features 
preceding their distribution among existing genera/* 



676 SCIENCE PROGRESS 

As the botanical world well knows, the American school, headed by 
Jeffrey and his students, tends to maintain the rather startling view that 
the Abietineas preceded the Araucarineae in evolution. As the details given 
in Ptof. Seward's text-book clearly demonstrate, the facts both of geological 
distribution in time and the structural details of the woods of the difierent 
epochs demonstrate the remoteness of the possibility of such a view receiving 
enduring support. 

Those who deal with recent plants can no longer afford to dogmatise or 
generalise on plant distribution or family history, and at the same time to 
ignore the results of Palaaobotany. The disastrous effects of such an omis¬ 
sion to dig their foundations in the rocks of the past has been very evident 
in certain recent and popularly accepted theories of distribution, which 
display a lamentable ignorance of the true histories of plant groups, and 
would never have received even the temporary recognition which they have 
had, had the botanical public been educated adequately in the fundamentals 
of plant history. Prof. Seward's book will do much to further such an 
education. 
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Modem Science and Materialism. By Hugh Elliot. [Pp. viii+aiij 
(London: Longmans, Green 8 c Co., 1919. Price 7s. 6 d, net.) 

The rapid strides of modern science are largely due to specialisation and divi¬ 
sion of labour. Specialisation, however, has its defects as well as its virtues. 
One may fail to see the wood for the trees. Yet man owes it to himself to 
take his bearings in the vast universe in which he lives. Implicitly, perhaps, 
each man has a philosophy of his own. Unfortunately it is not always closely 
related to the science of his day, not even when he himself is a man of science. 
It is obviously desirable once in a way to piece together the main results of 
the principal sciences, and to sketch in broad outline the general pattern of 
the world as it would present itself to a scientist who took the whole world to 
task. In Modern Science and Materialism, Mr. Elliot has attacked this ex¬ 
tremely difi&cult task of looking at the universe as a whole from the standpoint 
of recent science, and he is to be congratulated both on his boldness in making 
the attempt and on the measure of success which has crowned his enterprise. 

The first four chapters of Mr. Elliot's book give a lucid and interesting 
survey of the more comprehensive theories of modern stronomy, Physics, 
Chemistry, and Biology, in so far as they have an obvious bearing on a philoso¬ 
phical orientation. To the majority of ordinary readers these chapters will 
probably prove the most helpful. The author himself presumably attaches 
more importance to the last two chapters, on Materialism and Idealism, in 
which he expounds his own philosophical ideas. But to the present reviewer, 
Mr. Elliot's discussions of psychological and philosophical problems do not 
compare favourably with the rest of the book. The last chapter in particular 
is not sufficiently clear to be judged adequately, and not satisfactory in so far 
as it can be judged at all. What is clear is that Mr. Elliot is utterly opposed 
to Spiritualism, while he is prepared to come to terms with most of the other 
philosophical" isms." His aim apparently is to efiect some kind of fusion or 
reconciliation between Agnosticism, Materialism, Idealism, Monism, and 
Sensationalism by means of various compromises. To Agnosticism he con¬ 
cedes that a complete knowledge of the universe would require an infinity of 
senses, as against the meagre half-dozen which man possesses. To MateriaHsm 
he allows that the final units of which everything (including the organic 
and the conscious) is composed are electrons subject to uniform mechanical 
laws. Idealism and Sensationalism are conciliated by the admission that all 
knowledge, and therefore all science, begins with sensations. But since these 
sensations are only reactions of complex molecules of protoplasm it is unneces¬ 
sary to posit more than one kind of ultimate unit, and Mr. Elliot is therefore 
a Monist, 

These bald data ought to be enough to make the reader turn to Mr. 
Elliot's book, which will certainly be found stimulating. For Mr. Elliot 
(notwithstanding his hostility to teleology) wrote his book with a purpose, 
namely, to promote " reconstruction " in the realm of ideas. Like Huxley 
before him, our author evidently believes that mankind wiU never find salva¬ 
tion until they learn to dispense with every kind of make-believe, and face 
every problem in the true spirit of Science. A. Wolf. 

44 '^77 
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MATHEKATICS 

An Elementary Cotnse of Infinitesimal Oalcnlos. By Horace Lamb, M.A., 
LL.D , F.R.S, 'Professor of Mathematics in the Victoria University of 
n Manchester. Third Edition. [Pp. xiv + 530.] (Cambridge : at the 
University Press, 1910. Price 20s. net.) 

The new edition oi Prof. Lamb's Treatise is extremely welcome. This 
work has for a long lime past been regarded, by the majority of teachers 
of Mathematics, as the best account in our language of the Calculus as 
designed for students whose aim is less the study of its logical princijiles 
than the cultivation of a facility for applpng its methods to problems which 
arise in the application of mathematics to other branches of Science. In 
Ihis regard the book has never had a serious rival. We do not wish to 
imply th^t logical proofs have been neglected. For Prof. Lamb's treatise, 
embracing as it does the Differential and Integral Calculus and the more 
important types of Differential Equations, is quite unusually logical in its 
procedure, avoiding, at the same time, the repellent atmosphere suggested 
too often to a physicist or an engineer, by the attempt to give really rigorous 
statements of the underlying assumptions in theorems which he would 
often prefer to take for granted. We regard it as the only work on this 
subject which has as yet succeeded in sinking the proper note, and the 
call for a new edition is a sign of the fact that those whose work involves 
applications of mathematics are beginning to a greater extent to be really 
interested in the subject itself, and to appreciate some of its beauty and 
generality without too close a study. 

The work is too well known for it to be necessary to indicate its main 
outlines, and we may confine our attention to the main respects in which 
it differs from previous editions. At the outset, wc may say that all the 
changes made are to the advantage of the book, having regard to its special 
purpose. The earlier treatment of the more algebraic questions, such as 
the properties of series and their convergence, has now been restricted almost 
exclusively to power-series* This is an advantage in that these are the 
only series with which the physicist or engineer ib ordinarily concerned. 
This modification is of the greatest value, and is the most important difierence 
introduced. Some of the more physical applications of integration, such as 
the determination of mass centres, have been deleted, being contained 
in other treatises on the special subjects since published b^r the author. 
But we are pleased to observe that the character ol the illustraiivo examples, 
and of the problems proposed at the end of each chapter, lias been preserved, 
for experience has shown that they constitute, for the elementary student, 
one of the fund^-montal merits of the book in a sense surpassed by no other 
work yet brouj^ht to our notice. 

The new edition is, like those preceding it, in every way worthy of the 
best traditions of tlie Cambridge University Press. 

Dorothy Wrinch. 

Unified Mathematics. By L. C. KARPmsKi, Ph.D., Associate Professor 
of Mathematics, University of Michigan; H. Y. Benedict, 
Professor of Applied Mathematics, University of Texas; and J. W. 
Calhoun, M.A„ Associate Professor of Pure Mathematics, University 
of Texas. (Pp. vaii + 522, with numerous diagrams.] (Boston: 
D. E. Heath & Co.; London: George G. Harrap & Co., 1919. Price 
105 . 6 d. net) 

Ir this little book, the authors present a course of mathematics covering 
the elemental parts of algebra, trigonometry, and analytical geometry. 
The book is interesting as an attempt to weld together those portions of 
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the three subjects which have to be treated in elementary lectures at Univer¬ 
sities into one coherent whole, while allowing the important difierences of 
method between analysis and geometry to become apparent* This aim is 
indeed a worthy one, and a successful account of how unity of treatment 
could be attained in the teaching of mathematics suitable for pass students 
or students reading for honours in physics or economics or other sciences 
would be of very great value. It will be remarked that the calculus is 
untouched in this course. And this, indeed, appears to be the cause of some 
of the defects of the book. The authors in the preface remark that ** no 
attempt has been made to introduce the terminology of the calculus, as it 
is found that there is ample material in the more elementary field which 
should be covered before the student embarks upon what may properly 
be called higher mathematics." In spite of this infinite series are introduced, 
and indeed are introduced without adequate explanation. The reason for 
this can doubtless be traced to the view that the notion of an infinite series 
presents serious difficulties to the elementary student. But the modern 
theory of limits is involved in so fundamental a manner in the theory of 
convergence and can be explained so simply that it seems a great mistake 
to arrange elementary courses so as to avoid its introduction. The remarks 
made about the geometrical series 

r<i 

are all entirely correct, but do not seem to be full enough to meet the case 
of the student who is unfamiliar with the notion of a limit. 

The treatment of complex numbers also seems to be unsatisfactory; 
it defined as a number which multiplied by itself equals — i, is introduced 
at the very beginning. It is stated that complex numbers are combined 
according to the laws of numbers, and that the combination of any two or 
more complex numbers ... gives a complex number. It is not clear whether 
these statements are postulated or derived from other postulates implicitly 
introduced in the (very slight) discussion of the geometrical interpretation. 
But if they axe assumed, no hint is given why such results should be intro¬ 
duced, It is never made clear that i is introduced in order that the laws 
for complex numbers or ordered pairs of numbers may be formally the same 
as the laws for real numbers. For teaching purposes it seems desirable to 
discuss first the introduction of ordered pairs of real numbers and the way 
in which the four fundamental algebraic operations are to be defined; and 
only subs^uently to consider the possibility of there being a meaning for 
i which will bring the laws of combination of ordered pairs of real numbers 
y) y^)» y"*) under the same formal treatment as numbers such 

as (*r 4 - iy)r 4 * iy% 4 - iy"') * - - - To introduce i ah initio as a number 
which, multiplied by itself, gives --1 x, is to run the danger of losing the atten¬ 
tion of the student, and of letting him assume from the beginning the exis¬ 
tence of a number i which will make a uniform treatment of real and complex 
numbers possible. 

Throughout the book there is a wealth of examples and illustrations, 
These, together with the clear treatment of simple trigonometrical problems, 
and of the elementary theory of two- and three-dimensional geometry, make 
the book as a whole (apart from the two important respects already men¬ 
tioned) useful as an introduction of very simple mathematics to the student, 

Dorothy Wrinch, 

A Non-Euclidean Theory of Matter and Electricity. By P. A, Campbell. 
[Pp. 44.] (Cambridge, Mass.: University Press, 1907* Price 35 
cents,) * 

The prominent position which Einstein's theory of space and time has 
raccsntly taken in the realm of scientific thought has resulted in the ro- 
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appearance of various forgotten theories for which the authors claim some 
kinship with Einstoin*s fundamental ideas. In general, these are produc* 
tions of the genus '* crank/* and are entirely devoid of logical development. 
The theory under review is not of this nature, in so far as it is an attempt 
logically to develop the consequences of certain postulates which are clearly 
stated at the beginning. In one respect the author may be considered to 
have anticipated Einstein. lie assumes that the normal form of space is 
the Euclidean form; that the presence of matter causes a slight deviation 
from the homogeneous Euclidean form, and that this deviation is accom¬ 
panied by appropriate forces in the substance of the ether which tend to 
restore the spatial relations of its parts to tlic mathematical relations of 
Euclidean geometry. 

We have to admit, however, that we fail to follow the author's argument. 
It appears, however, to lead to Newtonian dynamics and gravitation law, 
though this cannot be interpreted as evidence for the theory, but rather 
that the argument has been adjusted to the result which it is required to 
establish. As with other theories claiming to account for gravitation, it is 
not amenable to testing by observation and is not likely, therefore, to com¬ 
mand acceptance. 


ASTBOirOUT 

Problems ot Cosmogony and Stellar Dynamics; Being an Essay to which 
the Adams Prize of the University of Cambridge for the year 1917 
was adjudged* By J. H. Jeans, M.A., F.R.S. [ 1 ^. viii + 293, 
with 5 plates and 45 figures,] (Cambridge University Press, 1919. 
Price 21s, net.) 

The Adams Prize of the University of Cambridge, which is awarded 
biennially for an essay on some subject in mathematical physics, an¬ 
nounced beforehand by the adjudicators, provides a valuable incentive to 
investigators to collect together their own researches on that subject, to 
extend them, and to weld them on to earlier work in the same direction, so 
as to make a homogeneous whole. Attached to the award is tlie valuable 
stipulation that the essay must bo published. In this way, mathematical 
physics has been enriched with a number of volumes of high intrinsic merit, 
several of which have become recognised classics: among such, for insianoc, 
may be mentioned Sir Joseph Lannor's ** AftUcr and Matter." 

The subject announced for the 1917 ICssay was " The cause of evolu¬ 
tion of the configurations possible for a rotating and gravitating fluid mass, 
including the discussion of the stabilities of the various fonns," This 
problem had already been attacked in important papers by Darwin, Poincard, 
Liapounofi and others, but divergent conclusions had boon arrived at by 
Darwin and Liapounolf regarding the stability of the rotating pear-shaped 
figure; moreover, their researches had boon concerned only with the two 
extreme cases of an incompressible or an infinitely compressible fluid. There 
thus remained a wide field for investigation. At that time Mr. Jeans liad 
for some years been engaged in an attack on the problem, and the oppor¬ 
tune choice by the adjudicators of the problem as the subject for the 1917 
essay was probably coupled with the hope that Mr. Jeans would bo 
able to fi.nd time to pursue further his investigations. If so, they have 
been well rewarded. The volume under review contains the prize 
essay enlarged by the addition of some further results which had been 
obtmed in the interval before publication; it will demand the serious study 
<xe all who are investigating the general problem of cosmic evolution. 
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The volume can be divided almost naturally into two parts. The first 
part, extending to the end of Chapter VIII, contains the mathematical 
framework on which, in the second part, from Chapter IX to the end of 
the book, the author has attempted to fit the facts of observational astronomy. 
The mathematician will probably be interested mainly in the first portion, 
whereas the practical astronomer will be inclined to take for granted the 
results derived therein and will concern himself with their application in the 
second part, which is tolerably free from mathematics: this portion is, 
naturally, of a somewhat speculative nature. 

The introductory chapter contains a general survey of the problem, 
commencing with a description of the solar system and of the phenomena 
of binary stars, spiral and other nebulae, and of star-clusters. Any com¬ 
plete theory of cosmogony must account for these five different types of 
structure by discovering their origins and proving that they lead to the 
observed structures. A brief critical survey of various earlier theories of 
cosmogony then follows, none of these being found free from objections. 

The following six chapters contain the theoretical investigation into the 
configurations of equilibrium of rotating masses, together with a discussion 
of their stability. The case of incompressible masses is first treated, fol¬ 
lowed by that of compressible and non-homogeneous bodies. The dyna- 
xnical principles upon which the investigation is based, amongst which 
Poincard's conception of series of continuous configurations of equilibrium 
plays an important rdle, are lucidly explained in the second chapter. The 
mathematic^ analysis involved in this investigation is of great complexity, 
and, though elegant in principle, very cumbrous expressions have to be 
dealt with. Each step in the argument is given, though for some of the 
more lengthy reductions the reader is referr^ to the original papers. In¬ 
cluded in these chapters is a discussion of the stability of the famous pear- 
shaped figures, and it is shown that, although Darwin and Liapounoff obtained 
contradictory results, yet both were in error, in so far as they proceeded 
only to the second order of small quantities, whilst Jeans shows that to tliis 
order the stability is indeterminate, so that it becomes necessary to con¬ 
sider third order terms. The complexity of the discussion is thereby very 
considerably increased, but Jeans has carried it through successfully and 
has shown that the figures are unstable. 

The labour of computation involved in tracing out the sequence of con¬ 
figurations of the pear-shaped series after instability has set in is so heavy as 
to bo prohibitive. Jeans has, however, discussed the analogous problem 
for the two-dimensional case, and the similarity between the two problems 
is so close before instability ensues that it is very probable that it persists 
afterwards. For the two-dimensional case, the pear-shaped figure is found 
to break up into two separate masses in mutual rotation. 

In addition to the rotational problem, Jeans has also discussed what he 
calls the tidal problem, i.e, the motion of a primary mass as tides are raised 
in it by the continued approach and ultimate recession of a secondary mass, 
and also the double-star problem, i.e, the motion of two stars revolving round 
one anotlicr, a secular change being supposed to occur in their distance 
apart. In all three problems, the only figures of stable equilibrium are ellip¬ 
soids and spheroids. The dynamical motion in the two latter problems is 
also shown, with some degree of certainty, to lead to fission into detached 
masses; in the tidal problem any finite number of detached masses may 
result; in the double-star problem, a large number of small masses are 
formed. 

The discussion is then extended to the much more complex case of com¬ 
pressible and non-homogeneous masses; it is shown that in each of the 
three different problems there are these two possible methods of break-up, 
one by fission, as in the case of incompressible mass, and the other, in whi^ 
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a lens-sliaped mass is first formed, matter then being Uirown off from the 
equator. The limit separating the two modes is found with some degree of 
approximation for each problem. 

Chapter VIII is devoted to the consideration of the evolution of gaseous 
masses, which are continually emitting radiation, rotation now being assumed. 
The results obtained give a very plausible explanation of RussclTs theory 
of the order of stellar evolution, and this theory is adopted in the re¬ 
mainder of the book. It is generally accepted as correct by astronomers 
to-day. 

The theoretical discussion suggests almost naturally the probable mode 
of formation of spiral nebulm, which is considered in Chapter IX, A slight 
external gravitational field is sufficient to account for the ejection of matter 
in two opposite filaments, instead of being thrown oft in the form of a ring ; 
it is further shown tlaat, with very probable assumptions, the mass of the 
separate nuclei will be comparable with the mass of our sun. 

The second type of structure discussed is the star-cluster. This prac¬ 
tically forms a separate section by itself, not being dependent on the previous 
chapters. The discussion is, in fact, based upon the methods of general 
stellar dynamics. It is shown that the phenomena in our stellar universe 
indicate that it is not in a statistically steady state, but that there is a toler¬ 
able approximation to such a state. This being so, certain conclusions as 
to stellar motions in the system can bo deduced which arc in reasonably 
good accordance with observation. 

The evolution of binary and multiple stars is next considered. This 
subject bristles with difficulties, but some important results of wide gener¬ 
ality are obtained. It is shown that, if a binary star is formed by fission, 
although the spectral type and eccentricity will vary as the evolution pro¬ 
gresses, yet in general the period remains of the same order. It had pre¬ 
viously been thought that period and eccentricity increased togetlicr, since 
observation appeared to indicate this. The effect of close encounters with 
other stars is also discussed, and it is found that, in the present state of the 
universe, these can have only an infinitesimal effect upon the orbits of binary 
stars; but that, if the stars were at some previous time much more closely 
packed than they are at present, the effect would have been to increase not 
only the eccentricity and linear dimensions, but also the period. The 
shorter periods of the B-type binary stars are therefore probably to bo 
accounteid for by supposing them to have been formed comparatively re¬ 
cently, so that the effect of encounters has not materially increased their 
periods. 

The most difficult of all the structures found in the heavens to account 
for is our own solar system, Jeans discusses the possible causes at some 
length. It is concluded that it is very improbable that the rotational theory 
can account for its formation, but it is shown that the tidal theory offers 
a not impossible explanation provided it be granted that the outer planets 
were partially fluid at, or shortly after, their birtla, Jeans concludes that 
** the theory is beset with difficulties and in some respects appears to bo 
(definitely unsatisfactory; ... it appears more acceptable than the rota¬ 
tional theory, or any other theory so far offered of iiae genesis of the solar 
system/' 

We have endeavoured to give the reader a general idea of the contents 
of the book; space docs not permit a critical discussion of the conclusions 
arrived at. In some measure, however, the author disarms criticism by 
the frank admission that some of the conclusions arc not free from objec¬ 
tion ; yet alternative conclusions seem to be open to oven more serious 
objections, The volume contains at once the most comprehensive and 
ateo the most thorough discussion yet made of the method of evolution 
of the various types of structure known to us in the heavens. A very large 



REVIEWS . 683 

part of the material of this discussion has been provided by the author's own 
important researches. 

We ohcr our congratulations to Mr, Jeans and couple with them the 
hope that he will be able to find time to pursue some of the problems further 
and succeed in elucidating some of the many difficulties with which the 
subject bristles. 

H. S. J. 


Practical Exercises on the Weather and Climate of the British Isles and 
North-West Europe. By W. F. Stacey, F.R.G.S., F.R.Met.Soc., 
University College, Reading. [Pp. 64.] (Cambridge: at the Uni¬ 
versity Press, 1919. Price 2s. 6 d, net.) 

The aim of this book is to teach the student something about the weather 
of the British Isles, by making him construct for himself a series of maps 
similar to those appearing in the Daily Weather Report of the Meteorological 
Office, from which publications the data have in every case been taken. 
The examples have been chosen with a view to familiarising him with the 
chief types of pressure distribution and the weather that accompanies them. 
Thus we have illustrations of the Cyclone and Anticyclone in summer and 
winter, the formation of a secondary depression, the Col and V-shaped 
depressions. The method of drawing isobars, and their use for estimating 
the direction and strength of the wind, are explained at an early stage of 
the book, together with the Beaufort Weather Notation which is in general 
use all over the world. The coucluding exercises deal with the most impor¬ 
tant types of weather, classified according to the general drift of the wind 
across f±ie British Isles, namely, the E., S.W., N.W., and W. types. 

Teachers of geography should find this carefully thought-out work of 
great assistance. 

E. V. Newnham. 


The Study of the Weather. By E. H. Chapman, M.A., B.Sc. [Pp. xii 4 -131.] 
(Cambridge: at the University Press. Price 35. 6d. net.) 

This book is intended primarily for use in schools, but the admirable way 
in wliich the elementary stages of a difficult subject are treated gives it a 
wider scope. From exercises in weatlaor study of the simplest kind the 
student is led gradually to the consideration of more difficult problems. He 
should ftnadly be in a position to appreciate fully the information conveyed 
by modern synoptic weather-charts, and will experience no difficulty in 
passing on to the more advanced textbooks on Meteorology. From the 
earliest chapters, which deal with the observation and recording of wind 
axrd weather, the exorcises are cleverly chosen to stimulate thought. Clouds, 
and their classification, are introduced at an early stage. The remarks 
on this subject are illustrated by a number of photographs of great beauty, 
of wliich two wore taken from an aeroplane and show the magnificent cloud 
panorama that is so often seen when an aeronaut passes through the level 
of the lower clouds. Weather which can be recorded without instruments, 
such as fog, mist, dew, hoar-frost, etc., is considered next, and then the 
commoner instruments, such as the rain-gauge and the thermometer, A 
whole chapter is devoted to the more difficult problem of measuring the 
pressure of the air, and a full description of the Kew-pattem barometer, 
graduated in millibars, is given. Passing from the weather at the observer's 
own locality, an explanation is given of the way in which simultaneous 
observations from stations in different parts of the British Isles, and from 
abroad, are dealt with by the Meteorological Office in London, and the 
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method of displaying all the information upon a single chart of Europe. 
The terms isobar and " isotherm " are explained, and the method by 
■which these lines are drawn. Buys Ballot's Law, and the estimation of 
wind-force from the closeness of the isobars, receive due attention, examples 
being taken from the Daily Weather Report of the Meteorological Ofhee. 
The concluding chapters deal with Cyclones and Anti-cyclones, and modern 
methods of anticipating weather. 

E. V, ISIEWNHAM. 


CHEMXSTBY 

Stereochemistry. By Alfred W. Stewart, D.Sc., Professor of Chemistry 
in the Queen’s University of Belfast. (Textbooks of Physical Chemis¬ 
try.) Second Edition. [Pp. xvi-f- 277, with 58 illustrations.] (Lon¬ 
don: Longmans, Green & Co., 1919* 125. 6 i. net.) 

Professor Stewart's work on the important topic of stereochemistry is 
so well known to students that there is no need to reintroduce it, in its 
second edition, to English chemists. 

As the author himself notes, in the first edition certain predictions wore 
made as to the probable lines of development of the subject, and since that 
date (T907) some of these prophecies have already been fulfilled, namely, 
the production of optically active compounds containing no carbon atoms, 
the activity of aniline oxides and corresponding phosphorus compounds, 
and the preparation of allylenc analogues in active forms, so that these 
matters arc now dealt with in the present edition. 

Further, a chapter is devoted to a review of the problem of the so-callcd 
" Walden Inversion." 

‘ Tire new edition has been considerably altered from its original form 
and is now rather more of a readable textbook than a work of reference, 
about one half of the volume consisting of new or rewritten matter; for, 
although only four new chapters have been added, the old material has 
been altered or replaced to a great extent; the portion on steric hindrance, 
in particular, having been cut down considerably, though the numerous 
references to this subject arc included as an appendix. 

Prof. Stewart has had the courage of his opinions in the drastic revision 
to which ho has submitted his book and has brought it thoroughly up to 
date and into lino with the treird of modern i-esearcU, so that it will no 
doubt, in addition to retaining the old readers, attract many new ones. 

F. A. M. 


Chemistry from the Industrial Standpoint* By P. C. L. Tuornb, B.A., 
with an Introduction by H. V. A. Briscoe, D.Sc., A.R.C.S., D.X.C. 
(The New Teaching Scries of Practical Textbooks.) fPp. xvi-|- 244, 
with numerous diagrams.] (London: Ilodder & Stoughton, 1919. 
Price 4s, 6 d. net.) 

The volume under review is one of the New Series issued by Messrs, Hodder 
Stoughton which have been written with the view of providing teachers 
with suitable text-books for the use of middle forms of secondary schools, 
and for continuation classes in particular. 

Whatever view may be taken as to the need or desirability of such a 
series there can be little doubt that Mr. Thome has achieved a consider¬ 
able measure of success in the task which he has set himself. 

The book is, of course, written essentiafly from the practical standpoint, 
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but there is doubtless room for just such a work for those to whom the prac¬ 
tical application of the science is of greater importance than its theo^. 

As Dr. Briscoe writes in his Introduction, ** A praiseworthy prejudice 
against purely utilitarian education causes many teachers to handle their 
subjects in an atmosphere of entire detachment from their practical applica¬ 
tion. Chemistry in particular has suffered in this way, and the book Mr. 
Thorne has now written is the first of its kind. It is a departure from stan¬ 
dard practice which is, I believe, of the first importance.*" 

Accepting the book as being intended for those who have to do with 
the hard facts of chemistry rather than with the more philosophical aspects 
of the subject, it will be readUy admitted that the aufiior has managed to 
compress into the 244 pages quite a good summary of the existing state 
of development of applied inorganic chemistry. 

There are five sections : (A) Solids, liquids, and gases, describing shortly 
the general physical methods used for separating substances. (B) Chemical 
change; giving a little theory and details of a number of important manu¬ 
facturing processes such as the Leblanc process, metal smelting, etc. (C) 
Elements and compounds. (D) The rate of chemical change. (E) The use 
of electricity in chemical changes. 

It is doubtful whether so eminently practical a book will commend 
itself to public school science teachers or to those who have to teach first- 
year university students, but for technical schools and colleges and for those 
who desire to obtain a practical knowledge of the world of applied chemistry, 
no better introduction could be desired. 

F. A. M. 


The Manufacture of Chemicals hy Electrolysis. By Arthur J. Hale, B.Sc., 
F.I.C [Pp.xii H- 80, with diagrams.] (London: Constable & Co., 
1919. Mce 65. net.) 

It is a little dif5.cult to place Mr. Hale's short monograph, as eighty pages on 
the whole subject can hardly be regarded as a generous allowance for a practi¬ 
cal handbook, whilst, regarded as a student's text-book, it is to be feared that 
there are too many facts and too little theory to recommend it to teachers. 

The book may serve as a useful short outline for those who do not wish to 
dip deeply into the question, but, clearly, would have been all the better for 
more extended and more detailed treatment of the processes dealt with. 

F. A. M, 


Catalysis in Theory and Practice. By Eric K. RruEAt, M.A., Ph.D., 

and Hugh S, Taylor, D.Sc. [Pp, xvi 4- 496, with illustrations and 
diagrams.] (London: Macmillan & Co., 1919. Price 17s, net) 

In considering the history of chemistry during the past century one is con¬ 
stantly reminded of the way in which all chemical processes are becoming 
more and more dependent upon the action of catalysts: for instance, the 
transition from the old chamber process to the modern contact process for the 
manufacture of sulphuric acid, gradual replacement of the older sodium 
nitrate method for preparing nitric acid by the catalytic oxidation of ammonia, 
and, most recent of aU, the production of acetaldehyde from acetylene by 
the agency of a mercury catalyst, leading thus to the commercial synthesis 
of alcohol, acetic acid, acetone, synthetic rubber, and a hundred other products. 

In the early days there can be no doubt that chemists were largely de¬ 
pendent upon what we may call foroed chemical reactions, that is to say, 
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forcing chemical reactions to take place by such energetic—^not to say violent— 
means as high temperatures, the action of strong acids and alkalies, and the like. 

It is only recently that we have come to realise that many, if not all, 
reactions can be made to take place far more smoothly and readily under the 
influence of suitable catalysts, dian by having recourse to chemical " frightful¬ 
ness,'' so that wc are constantly approaching nearer and nearer to the methods 
of nature in vital processes, which arc indeed catalysed reactions pat cxccU 
lence. In fact one feels that the chief problems of to-day are to find the right 
catalysts. 

To attempt to review fully the contents of the book one would need to 
enter into a discussion on most of the problems of pure and applied chemistry, 
both organic and inorganic, for there are few branches of the science into 
which catalysis does not enter, but at all events, whatever errors of omission 
or commission may have been made by the authors of the present volume, 
they have undoubtedly succeeded in producing an extremely interesting and 
eminently readable account of the whole subject. 

As they themselves point out in the preface, there have been hitherto 
no books on the subject of catalysis, other than various short mono^aphs 
such as those of Sabatier, Woker, Orloff, Vittora, and Jobling, not owing to 
any lack of interest in, or knowledge of, the subject, but, more probably, 
because of the very great amount of labour required to summarise the existing 
information and to present it in a suitable form. For this reason chemists 
should bo duly grateful to Dr. Rideal and Prof. Taylor for their courage in 
tacMing so large and difiuse a subject as catalysis, both in its theoretical and 
practical aspects. 

Possibly the authors might have devoted a little more space to one or two 
matters such as the great activity of copper as a catalyst in various directions, 
particularly in connection with the chemistry of the anthraquinone series, 
or the influence of solvents on reactions, including the very important work 
of Dimroth on the subject, which finds, strangely enough, no mention in the 
section dealing with the action of solvents; and the very interesting case of 
the use of mercury compounds as catalysts for the conversion of acetylene 
into acdtaldehydo, whore definite intermediate compounds liavc been isolated, 
surely calls for somowUab fuller treatment than it receives. 

Bearing in mind the axiom on p. 14 that the chemical composition of 
the catalytic agents is unchanged on completion of the reaction process,*' we 
may venture to inquire whether the authors are justified in taking up some 
half-dojsen pages with a description of the well-known Grignard reaction, 
for neither lire magnesium nor the organo-magnesium compounds remain 
unchanged on the completion of the process. 

No doubt in later editions of the book it will bo found possible to amplify 
various portions as experience dictates, but meanwhile it remains a very 
excellent general treatise on the subject of catalysis which will repay careful 
study, 

R A, M. 


The Profession of Chemistry. By Riohahd B. Pilcheh. [Pp. xiv -l-109.3 
(London: Constable & Co., 19x9. Price 6s. 6d, not.) 

Mr. PmcKER, who is Registrar and Secretary of the Institute of Chemistry 
of Great Britain and Ireland, has had a wonderful opportunity of seeing the 
development of Chemistry which has taken place in recent years. In this 
book he reviews all the branches of the profession, from the point of view of 
the recognised professional body. The book is a mine of information on the 
subject for parents, for the general reader, for the commercial and industrial 
man, for the educationalist, and not least for the politician* The first chapter, 
entitted ** Kcejiminary Education/* is written for the oon^cration of parents 
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whose boys axe still at school; the second chapter, entitled ** Pharmacists and 
Chemists,'' is a delightful essay on the meaning of these two words. The 
remaining chapters deal with Professional Training," " Professional Organi¬ 
sation," " Professional Procedure," and the various branches of the profession 
of chemistry, including a chapter on “Chemists in War." 

Naturally the author's point of view is that of the Institute, which is now 
the recognised professional body, and to which the vast majority of chemists 
belong. But we should like to mention that the Institute has gained its 
position by widening its basis, so as to admit the majority of chemists in this 
country. Until a few years ago it did not do this, it merely represented the 
interests of analytical and consulting chemists who have for many years been 
a minority in the profession. It had little influence until recently outside 
London, except as a qualifying body for analysts under the Food and Drugs 
Act. Its regulations were then so drafted that a University Graduate, to join 
the body, was obliged to forego postgraduate research work in order to obtain 
manipulative skill to pass the examination of the Institute. We are glad to 
say that this has all been changed, but we consider it amusingly inaccurate 
ol the author to say, " In recent years, however, the character and the training 
and examination of the Universities has been modified to render their honours 
graduates in chemistry better prepared than formerly for the more practical 
branches of the profession, and this has been recognised by the new Regulations 
of the Institute! (The italics are ours.) 

The author knows well the present economic position of chemists, and 
reviews their position and prospects with authority. In tliis connection it is 
interesting to quote the following from the current number of the Proceedings 
of the Institute of Chemistry : " The Committee (of Scientific and Industrial 
Research) appears to be apprehensive of a shortage of competent scientific 
workers, but, so far as chemists are concerned, the demand at present is not 
sufficient to absorb the available talent released from the services and from 
war work," 

The book is well written, and it appears at an opportune moment, for 
during the war the profession of chemistry has become recognised as it never 
was before. 

R. E. Sladb. 


The Chemistry of Colloids. By Richard Zsigmondy, translated by Ellwood 
B. Spear, [l^p. x -f 288, with illustrations.] (New York: John 
Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 1917. Price 
13;?. net.) 

Only a comparatively few years ago it was difficult to find a satisfactory 
book on Colloids; now, however, there is a considerable number to choose 
from, and for this reason one cannot help wondering whettier this trans¬ 
lation was called for, since the book does not present any striking novelty 
of treatment of the subject. The work of Professor Zsigmondy in the 
realm of colloids is of course too well known to require any comment, but 
frankly wo find his book disappointing. The volume under review is divided 
into two parts, the first of which is a translation from the German of Zsig¬ 
mondy's Kolloidchemie, while the second, which is devoted to Industrial 
Colloid Chemistry, is from the pen of the translator. The table of contents 
of l^art I promises well, but on looking up the subjects in the text one rarely 
finds a lucid or satisfactory account of the subject. What, for example, is 
to be made of the following information concerning barium sulphate? 
"... The solubility of barium sulphate is too great to allow the preparation 
of the hydrosol without the presence of a protective colloid. Neuburg pre¬ 
pared a hydrosol of barium carbonate by conducting a current of CO^, into 
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a solution of barium oxide in methyl alcohol. The gel at first formed 
dissolved spontaneously on standing in methyl alcohol. In a similar manner 
the gels of barium sulphate, calcium, and magnesium carbonate have been 
made,*' The very important subject of the swelling or imbibition of col¬ 
loids receives only scant reference in four diCtcrent places in the book, 
and we look in vain for an intelligible account of the various hypotheses 
concerning the structure of gels. Part II, though occupying only some 
thirty pages, is, in our opinion, much more satisfactory, since it docs at 
least give some definite information on the subjects it deals with ; it contains 
chapters on Smoke Prevention, Rubber, Tanning. Milk, Colloidal Graphite, 
Clay, and Colloids in Sanitation, the latter contributed by J. P. Norton. 

P. H. 


The Simple Carbohydrates and Glucosides. By E. Frankland Armstrong, 
D.Sc., Ph.D. [Pp. X + 239.] Third Edition. (London: Longmans, 
Green & Co., xgig* Price 125. net.) 

The wisdom of the policy of publishing in the form of monograplis is amply 
illustrated by the frequent reissue of the volumes of the scries of the Mono¬ 
graphs on Biochemistry to which this volume belongs. In the present 
edition the material of the last one has undergone a slight re-arrangement 
in tie matter of subdivision into chapters. Amongst the more important 
additions we note the following. In Chapter 1 mention is now made of the 
existence of a third isomeric methyl glucoside, having an a-ethylene oxide 
instead of the y-butylene oxide structure possessed by the two well-known a 
and p modifications first described by Fischer; this author had long ago 
shown that in the preparation of the two crystalline methyl glucosides by the 
action of hydrogen chloride on a mixture of glucose and methyl alcohol there 
resulted also a considerable amount of a syrup wliich at that time he did 
not purify. In 1914, however, he subjected this syrup to distillation in a 
high vacuum and found it to be a compound having the composition CrlluOe, 
which is that of a methyl glucoside. Since it was stable to alkalis and 
Fehling solution, and could be hydrolysed by acids but was hardly attacked 
by emulsin or maltasc, he concluded that it must be a third isomeric methyl 
glucoside. At a later date Irvine, Fyfc and Ilogg showed that this com¬ 
pound was a mixture of isomerides derived from a now variety of glucose; 
this new glucose has not hitherto been isolated, but, judging by the behaviour 
of its compounds, its reactivity would appear to exceed that of cither a or 
/S glucose. In Chapter I also the section dcaliug with the more impe^riant 
derivatives of glucose have been rearranged somewhat, and spaced out 
so as to be more clearly presented, and the chapter is brought to a close 
with, a somewhat fuller account of I tudson's papers on the numerical relations 
amongst i^e Rotatory Powers of the Sugars. Chapter III cotilains a new 
section on the carbohydrate alcohols, wldlo the subject matter included in 
Chapter VII under the heading of The Natural Glucosides," has boefi 
con^erably extended so as to include an account of the Antboxauthin and 
Anthocyan Glucosides, and also a fuller description of the Digitalis Glucosides 
and lie Saponins, The Synthetic Glucosides in Chapter VIII also receive 
fuller treatment than in the previous edition. Where there is so much that 
is good it may seem ungrateful to criticise, but the arrangement of the biblio¬ 
graphy leaves very much to be desired. The references are all arranged 
at Qie end of the book under the headings of the chapters to which they are 
supposed to apply*, but, by this method, endless time is wasted when, on 
reading the name of some author in the text, an attempt is made to find the 
relevant paper. Even supposing the reader has found out wJxich particular 
portion of a 0 ,veia chapter he is reading, and has successfully tracked the cor- 
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responding section at the end of the book, several papers may stand to the 
credit of the author in question. Much annoyance and time would have 
been saved by numbering the references, and inserting such numbers in the 
text after the name of the author. 

P. H. 


The Preparation of Organic Compounds. By E. De Barry Barnett, B.Sc., 
A.I.C. [Pp. xvi + 273, with 54 illustrations,] Second Edition. 
{London: J, and A. Churchill, 1920. Price los. 6d. net.) 

This book, which is now in its second edition, aims at *' giving a general 
outline of the methods actually employed in preparing organic compounds, 
and thus providing not only a laboratory manual, but also a book which 
may be used as a companion volume to the usual theoretical text-books/* 
The first chapter is devoted to a description of apparatus and methods of 
manipulation, and contains some quite useful hints on the adaptation of 
ordinary culinary vessels to fairly large-scale chemical operations; it also 
gives an account of the ordinary equipment of an organic chemical laboratory, 
accompanied, however, by some positively grotesque illustrations in which 
no attention whatever is paid to proportions or details ; the Soxhlet apparatus 
on page 20 in particular being quite incapable of acting as it stands. The 
remaining twelve chapters each deal with the methods of preparation of a 
special group of organic compounds such as hydrocarbons, halogen com¬ 
pounds, alcohols, phenols and mcrcaptans, aldehydes, ketones and quinones, 
carboxylic acids, esters, nitriles, nitroso and nitro compounds, etc., etc. 
As stated in the Preface, the description of the processes given is less full 
than in most books on organic preparations, but the details given are sufficient 
to enable the average student to carry out the preparations successfully. 
Tlxis may bo true in many cases, but very frequently the preparations start 
from a compound which is not an ordinary laboratory chemical, while no 
method of preparing this compound is given elsewhere in the book. This 
method of writing may be excusable in a large book of reference such as 
Weyl's Methoden der Organischen Chemie, to which the author expresses his 
indebtedness, but is hardly suitable for a laboratory manual such as the 
present volume. 

Again, it is a little difficult to understand why the old-fashioned method 
of preparing formic acid from glycerol is quoted as an example of the pre¬ 
paration of a carboxylic acid by oxidation of an alcohol, and also why the 
modern method of preparing oxalic acid from formic acid and the catalytic 
preparation of acetone from acetic acid receive no mention. 

The book is fairly well supplied with references, but unfortunately no 
dates arc given, which fact of course very considerably detracts from their 
value. 

When allowance has been made for these minor defects, however, it must 
be acknowledged that the book contains quite a lot of useful information. 

P. H. 


BOTANY ANB AOBICVIiTirBE 

The Hardwoods of Australia and their Economics. By Richard T. Baker, 
Lecturer on Forestry, Sydney University. xvi-1-522, with 134 

coloured plates and 192 figures in black and white.] (Department of 
Education, Sydney. Price £i 55.) 

The Australian continent is one of the greatest hardwood-producing areas 
in the world. It possesses probably somewhere about 500 species of dico¬ 
tyledonous timber-trees which, though a low number considering tlie area 
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of over three million square miles involved, comprises some that are extra¬ 
ordinarily abundant. In this handsome quarto volume the wealth of Aus¬ 
tralia in this respect is put before us, and illustrated with a profusion and 
excellence that is beyond praise. The colour reproductions of freshly planed 
surfaces of the diltcrent woods arc particularly beautiful, and bring home 
in the only possible way the variety of tone and texture on which largely 
depend their commercial possibilities. F’hotomicrographs of the woods 
of a large number of species are reproduced showing their histological char¬ 
acteristics as presented in transverse, and both radial and tangential longi¬ 
tudinal sections. The accompanying text furnisJies taxonomic details and 
information respecting the geo^aphical ranges of the species, descriptions 
of their timbers, and technological details such as uses, relative hardAess, 
weight, and, not infrequently, data regarding breaking loads, modulus of 
rupture, etc. 

In addition to the specific descriptions a number of chapters are devoted 
to the various physical properties and the economic applications to which 
the timbers of Australia lend themselves* 

The fact that most impresses one on reading these pages is the enormous 
importance of the genus Eucalypius. About i8o, or nearly two-fifths, of 
all the different kinds of timber that Australia furnishes arc the product of 
species of this group. To many the name Eucalyptus is only associated with the 
ethereal oil employed as a specific for " colds,*' and indeed the diverse members 
of the genus supply no inconsiderable part of the raw material for the per¬ 
fumery trade. But, if less familiar, the importance of the Eucalypts as 
timber-trees can scarcely be over-estimated. The extraordinary variety 
and high commercial value of their wood cannot be equalled by any other 
group of trees, and the range of hardness, appearance, and tcclmical qualities 
which they present are such as to furnish excellent substitutes for many 
timbers of commerce derived from a large range of genera and families. 

The colour ranges from the pale, almost white, wood of E. fmxinoides, 
similar in character to European ash, through the deep yellow box-like 
wood of E. welliodora, to the mahogany-like E, rcstmfa or the dark red- 
brown of E, redunca. The fire-resisting properties of Eucalpyts are well 
known, and in the case of E. Fkicheri it is about seven times that of the 
English oak. Their durability is correspondingly high, and tlac author 
cites the case of a slab of E. paniculata, used in tbe construction of a stable, 
which was in an excellent state of preservation after an exposure to the 
elements of over one hundred years 1 

To those who consider the increasing demand for timber, and ihe con¬ 
dition of the world's supplies, it Is clear that tlie contiaued exploitation of 
virgin forests cannot be long mmulaincd at its present rate. With the 
necessity for replanting, or natural regeneration, the length of time that 
must elapse before the timber matures is an important factor; for even 
when the amount of the original outlay is small the accumulated debt is 
often the determining infiuence for success or failure. 

It is the phenomenal rapidity of growth of many species of Eucalyptus 
which at once marks them out as one of tlie great sources of Umber supply 
for the future. It is perhaps scarcely too much to say that, properly ex¬ 
ploited, the timbers of these trees may become, for the hardwood industry, 
what the coniferous timbers axe amongst soft-woods. 

Mr. Baker insists strongly on the necessity for reform in timber nomen- 
clatttre, which, he says, ** must bo faced sooner or later by foresters, timber- 
merchants, and all connected with the trade, in order to circumvent the 
’tonfuaion that exists in so many instances in connection with the same 
iqjecies having a difierent common name in its various localities/' Moreover, 
to add to the confusion, one name often does duty for several species, as, for 
exsmpio, Blue Gum," applied equally to the heavy pale timber of E. globulus 
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or the much lighter, red wood of E. saligna. The only remedy is the adop¬ 
tion of scientific names, which, as the author pertinently remarks, has actually 
been accomplished in the Eucalyptus oil industry. 

Limitations of space prevent our referring to the many other noteworthy 
timbers dealt with, but mention must be made of the Acacias and Casuannas 
(she-oaks) and the beautiful woods of Telopca oreades and TaryicHa argyro- 
dendron (crow*s-foot elm). , 

From what has been said it will be realised that there is pabulum here 
for the timber-merchant, the forester, the technologist, and the botanist, 
and these pages should do much towards the promulgation of a more wide¬ 
spread acquaintance with the extensive resources of the Commonwealth. 

E. J. Salisbury. 


Gtaines et Plantules des Arhres et Arbustes indigenes et commun6ment 
cultiv^s en France. By R Hickel. Part I, Conif^rcs (pp. 182, with 
93 figures) ; Part II, Angiospermes (pp. 349, with 85 figures and 2 
plates). (Published by the Author, ii bis, Rue Champ-la-garde, 
Versailles, 1911 and 1914 ; received 1919 ) 


These two volumes together furnish a mine of information with reference to 
the seeds and seedlings of a large number of the native and cultivated Euro¬ 
pean trees and shrubs. In aU cases the descriptions have been based on the 
author's own observations from authentic specimens, and nearly a thousand 
species of seeds or seedlings are figured in original drawings tliat frequently 
illustrate the range of size and form. 

Both in the group of the Conifers and in the Angiosperms tlie subject- 
matter is divided into two parts, one devoted to descriptions of the seeds, 
and the other to that of the seedlings; an arrangement which, though open to 
criticism, facilitates the employment of these pages for purposes of diagnosis. 
Some idea of the extent of the field covered may be gauged by the fact that 
the seeds of 147 species of Coniform and 515 Angiosperms arc dealt with, and of 
seedlings 112 and 314 belonging to these respective groups. 

It is a natural corollary of the principle of recapitulation that the juvenile 
stages of plants belonging to any one group tend to resemble one another 
very closely, even though the adult phases may be quite readily distinguished. 
For this reason seedlings are often difficult to identify, and not the least 
valuable part of the work before us are the numerous keys for the identifica¬ 
tion of the genera or s]')ecies of the various seeds and seedlings dtscribed. 

The author has mainly rcsiricted iiimsclf to morphological characters, of 
which cojjious del ails arc furnished in the separate descriptions devoted to 
etveh species. Jiut th<uigh chiefly concerned with morphology, a number of 
biological facts are mentioned, especially in relation to such features as the 
period of seed-shedding, the retentiou of germinative capacity, and the season 
of emergence of the plumule. 

For example, it appears that, contrary to many current statements, the 
seeds of I’oplars germinate readily, wliilst the germinative capacity of many 
trees diminishes rapidly unless the seeds are sown soon after their maturation. 
The deleterious efiects of desiccation appear in some seeds, as for instance 
those of the Oak, to be very marked, whilst in others, such as those ot the 
Leguminosm, vitality may be retained for a period of years. 

An examination of the tabulations of seed and seedling characters in the 
genus Pimts reveals the rather interesting fact that there is a rough correlation 
between seed size, the number of cotyledons, and the length of these latter. 
Thus of the 30 odd species examined, Pimts contorta had the smalle.st seed 
(length mm.), and its seedling exhibited cotyledons from 15 to 18 mm. 
in length, and numbering usually from 3-4, but occasionally only 2* By 
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contrast the seed of P. Sabiniana is from 18-22 mm. in lengthy and the seedling 
possesses from 12-17 cotyledons, which attain a length of from 50-55 mm. 
The second part concludes with a clavis to the genera of epigeal Dicoty¬ 
ledonous seedlings, which, it may be noted, outnumber thehypogeal by about 
4 to I. 

To the botanist and to the professional forester alike, these volumes 
should prove of considerable value, both from their practical utility and 
their theoretical importance. 

E. J. SAtlSBURY, 


Joseph Dalton Hooker. By Prof. R O. Bower, Sc.D., RRS. [Pp. 62, 
with frontispiece.] (London: Society for Promoting Christian Know¬ 
ledge, 1919. Price 2s. net.) 

It is but fitting that a life of Sir J. D. Hooker should find its place in the 
series of volumes dealing with pioneers of progress. But to do justice to his 
many activities during so long a period of years is no light task. 

The author has, however, in Ijhese eight chapters, by devoting each to a 
different view-point, attained a cohsiderable measure of success. 

The chapters entitled Kew'' and “ Authorship serve to present Sir 
Joseph's administrative achievements and his chief contributions to science 
But in reference to the former, one regrets that greater stress is not laid on his 
work for economic botany, the more, that Hooker himself rightly attached 
the greatest importance to it. It is to liis endeavours we owe the inception 
of the Plantation-Rubber industry of to-day, and it was under Ms direction 
that cinchona was introduced into India, so that quinine became available 
to the poorest native. 

Four of Ms cMef works, of which a brief account is given, indicate the scope 
and character of Hooker's literary contributions. These are the Flora Antarc¬ 
tica, the Flora of British India, the Genera Plantarum, and the Index Kewon- 
sis. Other chapters treat of his personal characteristics, Ms position as a man 
of science, and his connection with Darwin. 

Short biograpMes of this type are the more welcome as appealing to a 
wider public than the more pretentious volumes dealing with the same sub¬ 
jects, and are moreover within the purse of all. 

E, J. Sausbury, 


Applied Botany, By G, S. M, Ellis, B.A. [Pp. vUi-h 248, with 67 illustra¬ 
tions and 2 maps,] (London: Ilodder Ss, Stoughton, 19x9* i^rice 
4^. Cd. net.) 

Okb great essential in a book written with a view to applying scientific 
knowledge to practical life, is that it should combine shnplicity of style with 
scientific accuracy. In the book under review the first condition is fulfilled, 
for the writer has succeeded in presenting his subject in a readable and attrac¬ 
tive form wMch will appeal to the general reader and elementary student. 
Unfortunately the second condition is not carried out, for the book is full of 
inaccuracies and of half-truths that are more misleading than actual errors. 
The statement that ** the seven elements ... axe essential to the growth of 
a green plant" (p.ii) implies that other elements can be done without, but 
the indispensable carbon, hydrogen, and oxygen are not included in the seven 
enumerated. Again, nitrogen is not one of the elements found in the ash when 
the plant-body is burned (p. 58), for the act of burning drives off the nitrogen 
in combination, leaving only mineral substances boMnd. With regard to 
water-culture solutions (p. 59), it is impossible to dogmatise as to the clxangcs 
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that occur in the food salts, as the reactions are complex and little is known 
about them. In spite of much research the true cause of clover sickness is 
still uncertain, and it is impossible to say definitely that it is caused by bac¬ 
teria (p. 81), while hngcr-aud-toc disease m turnips is the result of the attacks 
of pi"oto/oa. Similar inaccuracies prevail in the morphological chapters, as 
where tlu^ h.iirs of the cotton-grasb arc said to be the penaufh (p. 109), and 
honesty and spurrey are included among winged fruits (p. 200). 'fhe list 
of criticisins might be extended indotmitely, but it is impossible to do more 
than select a few instances that indicate the slipshod writing of the whole 
book. 

11 lusi rations are numerous, but the absence of index lines oCten leaves 
the point of the sketch in doubt (e.g, lig. 2^), and in most cases a reproduction 
of n classical drawing would be jnore ellective than the feeble original ones 
presented. Some ligurcs fail in their object eiilirely, as lig. 3, which purports 
to show the dillcrcncc between tlie exogenous origin of branches and the en¬ 
dogenous origin of roots, but in fact does not do so, while in fig. 6 careless 
revision ol proots has passed an indicated leversal of the true positions of 
xylem and pJil lein. 

The srlieme of ihe book is sound enough, but the presentation of the 
subject-matter is so faulty that it is impossible to recommend it for serious 
perusal. 

W. 1 C. 15 . 

An Introduction to Greneral Physiology, with Practical Exercises. By W. M. 
Bavliss, M.A., D.Sc., F.R.S. [Pp. xiv + 238.J (London: Long¬ 
mans, Green & Co., 1919. Price y$, 6 d. net.) 

Pkoi<*essor Bayliss has given us, in his Xntrodnotion to G&mraX Physiology, 
a thoroughly delightful and valuable work. 

It comprises the best portions of his well-known Principles of General 
Physiology^ rewritten for the use of beginners in biology, and presents the 
physical and chemical properties of protoplasm, and of its products, viewed 
from the standpoint of Energetics. 

One would like more about protoplasm itself, particularly in diagram. 
A visual image of its substnnee, though necessarily incomplete and inaccurate, 
would be helj)iul as well as encouraging to the beginner. More readily in- 
toUigiblc might be the terms available " and '' not availablein place of 
** free and ** bouiul,"' on pp. iz and 13. Not quite c 1 c:tx is the account of the 
anions on p. 5<). f ould, lor example, OIT, or even HCO'y, replace much of 
tho Cl' withou'i harm ? Of great inlcrcst, on p. 85, would be an account of 
expired air as the product of clilfusion, due to dillerences in tension, between 
insinred air find tho air of the pulmonary alveoli. On such points as these, 
pcrJiaps, ojrinioiis may dillor. 

'riiere will, however, be uo dificrcnco of opinion that the book is a perfect 
Gocl-sentl to I he student of biology, [fc gives him, between one pair of covers, 
selected Cor iiiui ami exidained in its bearings on structure and on function, 
an immense fund of valuable information which he had, formerly, to seek in 
many books, to disentangle from irrelevance to his needs, and to interpret 
in relation to biology as best he was able. 

To the teacher, also, its value is considerable. To him—^the preface, the 
frequent references to the author's " J^rmciplcs," and the details of his class 
work will be of especial interest and assistance. 

TJio difficulties in compiling a book on such novel lines are, obviously, 
both numerous and great. Prof. Bayliss has recognised this, and, thanks to 
his foresight, has, in overcoming them, aolueved a ready conspicuous success. 

W. L. S, 


45 
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The Unity of the Organism; or. The Organismal Conception of Life. By 

William Emerson Ritter, Director of the Scripps Institution for 
Biological Research of the University of California, La Jolla, Cali¬ 
fornia. 2 Vols. (Vol. I, pp. xxix +39S; Vol. II, pp. XV +408.) 
(Boston: Richard G. Badger, 1919* iVice $5.00 net) 

From the earliest times in the history of science, biologists have speculated 
on the relation of the organism to its parts, and among both botanists and 
zoologists, as well as general biologfets, there have been those who have held 
the organism as completely explicable in terms of its component parts. 
In this book the author reviews the evidence in favour of and against the 
various theories that have been put for\vard involving this point of view, 
and more than half the book may be regarded as a presentation of the case 
against the various elcmentalist theories of the organism, from which the 
author vigorously dissents, and the presentation of the case for the organismal 
theory, which would regard the whole organism as the unit. 

A review of the various theories of the plant body that have held sway 
during the last hundred years or more was given three years ago by Fitting, 
and published as a little book under the title of Die Pftanze ah lehende Organ'- 
ismus. The present work has a much wider scope, for the author deals not 
only with the organism generally, but con iders the various clom<*ntalist 
theories, and shows ihem all to be iinicnable. Thus the Cell 'Jlicory, the 
Mitochondrial Theory of Heredity, and the ('hromosome Theory ot \ Icroility, 
are examined and dismissed one after another. 

In the second part of the book the author examines the intenicpcmdeiice 
of the various parts of the organism. From growth and internal secretions 
he proceeds to the nervous system and the inter(l(‘penclencc of its various 
parts, and the involving with it of other organs, and finally to j>sychical 
phenomena, the work concluding with an Organismal Theory of (Conscious¬ 
ness, to the effect that all manifestations which in the aggregfde arc 
called life, including those of a consciously psychical nature, result from 
chemical reaction between the organism and its environment. 

To the experimentalist, and especially to the physiologist, a great deal 
of this book will appear as a storm in a tea-cup. Few phy.siohigists to-day 
doubt the correctness of the ouilook that regards the organism as a unit, 
though apparently, from the citations and references given in this b(v>k, thij; 
outlook is not universal. Also it must be admitted that the writing sutlers 
sometimes from vagueness. Thus the first section of Chapter VI is givtui 
the title ** What the CVll-Thcory is, Viewed Historically and Substanliv<‘ly,*’ 
but after reading the? section, the rldef impression one obtains is that the 
cell-theory is a number of dilferent things, all more or ler.s indefinite. 

Nevorthcloss, in spite of this, and in spite of a e<‘rtnin 
which is perliaps most noteworthy in the x>rofac'e, tlw* book is well wi>rth 
reading, for the writer passes in review a gi‘eat mass of material, the <;orr(i- 
lation of which is in itself a great achievement. ^ ^ 

The Morphology and Evolutional Significance of the Pineal Body, being Part X 
of a Contribution to the Study of the Epiphysis Cerebri and an In- 
terpretation of the Morphological, Physiological, and Clinical Evidence. 
By Frederick Tilney, M.D., Ph.l)., and LuTirnu h\ Wakren, A.B., 
M.D. (American Anatomical Memoirs, No. 9, Wistar institute, 

This publication, the first part of an extensive memoir on one of the most 
interesting regions of the brain, is concerned with the historical, histologicnl, 
TObryolo^cal, and comparative morphological aspects of the stibjcoi clearly 
indicated in the title, the functional and clinical aspects being reserved for a 
subsequent paper. From the zoological point of view, therefore, tliopapcrmay 
be DOMdered in two separate parts, ol wliich the present is the more important. 
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After a brief introduction and discussion oi the nomenclature, we have a 
general review of the literature, starting with Galen. Tliis is followed by 
three long sections dealing with the comparative morphology of the pineal 
complex, the comparative embryology of the complex, and the comparative 
anatomy and Jiistology of the same. 'I'heso sections go into the most import¬ 
ant litera Lure in more detail, summarise the previous lindings under the various 
species of animals, and give an account of the author's own researches. This 
is a valuable piece of work, for it enables one to pass under review the results 
of ninnerous authors scattered in diiierent periodicals. Here, however, a 
critici in is called for. In our opinion Dendy's work on Sphenodon is m^t 
sufacicntly emphasised, and, what is less explicable, there is no reference to 
this author's work on Geoina au^dralis, one of the Cyclostomes. This, however, 
is one ol the latest and best memoirs on that subject,and, concerning as it does 
one of the lowest groups of Vertebrates, is of importance in considering the 
comparative aspect of the question. These descriptive portions arc illustrated 
by a number of tjgures and plates. Many of the text-figures are excellent, 
others t‘rr somewhat on the side of being too schematic —Idiis, however, is not 
the fault oi the authors, since they are reproduced from other papers. In 
certain cases the reproductions of photomicrographs are good, but m others 
they are poor. 11 is a pity that the more important of them, at any rate, were 
not reproduced by coiLoiype or similar process upon a better grade of paper, 
since half-tone prints on ordinary paper, we feel sure, do not do justice to 
either the original photographs or the preparations. 

The concluding section is in the form of a discussion which, since it is 
preceded by such a mass of readily available evidence, is very valuable. It is 
prcJerablc, as the authors point out, to consider the relationships of the pineal 
area or complex as a whole, and not to deal with isolated parts, such as the 
pineal gland and the parietal eye. The position is maintained that this 
apparatus cannot be considered as a vestigial one, and two of the most interest¬ 
ing conclusions are: . the epiphyseal complex of vertebrates possesses 

a pluripoLcntiality whose fundamental inherent tendency is in the interest of 
glandular diderentiation, but in a few instances, as in Cyclostomes, Ampfubia, 
and in primitive Reptiles, tlxc pineal organ may become further differentiated 
in tlie interest of a highly specialised sensory mechanism, which has or has 
had visual function;" and again, "The phylogenetic significance of the 
parietal eye in Vertebrates as the homologue of the median eye of Inverte¬ 
brates sh uild bo ncc(‘pt ‘d with much reservation." 

(>n tlic whole this is a thorough and valuable contribution to our knowledge 
of these structun's in the brain and the problems they present, and although 
it does not claim to have answered satisfactorily all the qutstions it raised, 
has iiuclonbt<'(Ily cleared the ground, and should serve as a useful stimulus to 
further research. C. IX. 0*D. 

A Geographical Bibliography of Britisli Ornithology, from the Earliest Times 
to the end of 1918, By W. H. Mullens, M.A„ LL.M., F.L.S., 
M.D.O.U.; il. Ktrku; Swann, F.Z.S. ; and Rev. F. C. R. Jourdain, 
M.A., M.13.0.U. Part X. [In six bi-monlhly parts*] (London: 
WilluTby & Co., iQxy. Price per part, 6 $, net.) 

Messrs. Mullens and Swann have already contributed so much first-class 
and invaluable work to bibliographical literature, that the present contribu¬ 
tion, in conjunction with the Rev. Jourdain, will be heartily welcomed by all 
British <»ruiiliologists. ^ ^ • 7 

This work forms a supplement to their recent Bibliography of Bnitsn 
Orniihology (19x7). This was, however, purely biographical, while the pr^ent 
volume is geographical, i,e, each section is devoted to a connty. Practically 
all the works referred to in the first volume, under the alphabetically arranged 
names of authors, again appear, but this time under the name of the connty 
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to which they have particular reference. In addition, all local records' 
published in the many British ornithological and natural-history journals 
up to 3918, are systematically given under their particular counties. It is 
tliorefore possible for an ornithologist visiting a part of Jfnglaiifl new to him 
to have before him a complete list ol all published referoiices to the birds oj the 
district, 'fhe cxl raordiuaiy value oi tins to tlie serious duclent is sell-evideut. 

To those who do not possess the first volume, the long list of general works 
of reference given in Part I, now before us, will also prove iiseiul. 

'I'he book is well produced, but lovers of Iheir pxivate libraries will be 
sorry that it is not printed on the same paper ns the companion volume, 
though the two will match in size and approximately in tlu('kness. There 
are several printers' errors, r on p, t 2 appears Atchison, G.T., wJiilc on p. 
uppers ^.itchison, G/l'. The hrst is correct 

We can ittid no reference under Cumberland to T/ie Home Lijo of the 
Terns, bv W. Bickorton, allhougli it contains a lengthy account of tlic famous 
Ravenglass Giillcry. But omissions arc so few that criticism on tluii s('ore is 
unmerited, and we can but congratnhde the authors on the .successful 
beginning of an undertaking for which all British < )ruilhologists will be heartily 
gratclui. 

Wm. Rowan. 


Vital Staiisiics. An Introduction to tho Science oi Deniogropby. Gr one 1*. 

CuANDLKU Whipple. [Bp. xii I-517.I (JNcw York: John Vidley tS: 

Sons; London: Chapman & I lall, 1919. Brice iSs. Or/, net.) 

This book is intended primarily for students in Schools of Public Healtli, 
and with this end in view it deals with the collection of data, with tabulation, 
and with graphical representation rather than with the working out ol the 
data when obtained. lYobability and correlation are touchetl upon, but wc 
are inclined to think that tins part of the book will not prove .so enlightening 
as tlic earlier liortiou. In the lirst chapters there is most useful iidonnnliou 
for those collecting and tabulating data, and warnings as to the importaiu'O 
oC stating exactly what limits arc used in grouping, how ag,e.s an* reckoned 
(whctlicT age last birtiulay or age to the nearest year), and as to varitms other 
matters all of vital importance il good uscj is to be made of the data colh'cted. 

Throughout the book there are hints as to the intre]»r(‘tation of results 
obtained from statistics wliich ar<‘ very valual)l<\ We would espeeisdly 
recommend the chapUT on the Sfaiisfios oJ Payluitlny d p,iv<‘s 

many oxamplc.s oi the danger of drawing eonelusions from mortality r.it(‘s 
without a most careful study of Uioso rat<‘.s. I^'or example, n nnu h higher 
death-rate from tuberculosis is fotind in Kidniiond than in New \’orK < ily, 
but when a farther analysis of the rates is ma<le Professor Whipph* points out 
tliat it is duo to the far larger proportion of coloured jiersoiis in Kielimond 
than in tSTew York, and if the population he snb-dividod inio while and coloured, 
Kew York is found in both cases to have a higher death-rate from iubcr<'ulosiH 
than Richmond, hx this chapter, Brot Whipple gives a diagram showing 
the growth of water nitration and the decrease in typhoid fever death-rates : 
such a diagram proves nothing, both have gone down witli time, but Hint <Joes 
not necessarily mean that one depends on the other. 

The chapter on correlation does not appear to be so adecpialc. It is 
diflBlcult to ixndcrstand what is meant by the statement that J>c.arsoa's 
coefficient (of correlation) is not quite the same " as Galton's, when Gallon's 

coefficient is given as This is the product moment cocjfment ivsed in alJ 

Wir y 

cases when the correlation table is quantitative both ways, and tlie moans 
of the arrays lie on a straight line. JLt is hardly fair to caU it either (hUton's 
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or Pearson's coefficient, since it was first given by Dravai'-: in iS|6, and in 
1896 was shown by Prof. I'ciirson to be the value of the correlation 
cocflicicnL. l^rior to t8q6, Galton used average deviations in the array troni 
their means, 'lliis average deviation, when divided by the probable error, 
was termed by Prof. Weldon Gallon'function. 

It bccins rather a mistake to use the symbol r for the probable error, when 
r at piesciit always signifies the correlation coclficicnt. 

JiTULL M. RldERTON. 


Textbook on Wireless Telegraphy. Dy Rupert Stanley, B.A., M,I.1C.1C. 
[Two vols. : Vol. f, pp. xi -{-471, with 253 figures ; Vol. [T, pp. viii 
■h 357 > with 227 figures.] (London: Longman‘S, Green & Co., 1919. 
Price X5.S. per volume.) 

Tins greatly enlarged edition cd Major Stanley's well-known book is a welcome 
addition to the literature of wireless iclegrapUy. He starts from the electron 
theory of matter and develops his elementary section, dealing witli ilic ilow 
of current, on this basis. 'Phis, in itself, Ls an interesting experini«'nt, and 
the experiment seems justified by the lucidity of the treatise. The first 
volume is very similar to the original book ihat Major Stanley published. 
It has boon improved and minor corrccliOns made. The chief interest of the 
new edition, however, lies in the second volume. 

The author was in touch with all wireless developments during the war, 
and for the last four years was (jhiof instructor in wireless to the Dritish 
I-Cxpcditionary Force in Jl’rance. \ ic has thus been able to keep abreast of all 
the most rcccMit developments, and the (lc55<'ri])tion he gives of the various 
types of valves, and ot their cirouils, is of the highest value, 

1'ho second volume o])ciis with a clhijiter on electrons, in which the thoori(‘s 
of current How and clcctrostfitics are expressed in terms of the electron unit. 
The second cliapter deals with the theory of the hard valve. It starts by 
cx])lainin« the action of the original Fleming valve and develops the theory 
of the action of the Ihree-clectrode vjilvc. Characteristics arc given, and par¬ 
ticular altenlioii is paid to the well-known Frencli valve, which lias been used 
so largely bv all <'ouidrics during the war. 

In clia])ter iii, the subject of valvtj detectors and detector relays is dis- 
cuss(*d, and one is glad to note that due justice has been done to Prof. 
Fleming lor tlu‘ valuabl<^ ])ion<*or work that he did on the valve, 'fhe author 
stales, “ Ideining was the first to use the unilateral conrluctivity olfoct of an 
electron <liM'harg,e, from a hcMt<Kl filament to a plate at a higher ]X)tential 
than the lilnnent, so llml his patent of r<)Of may be con.siderctl as the parent 
one ol all valv<»s." The analogy of the tilled water-vessel, which is used to 
<*xplain the action of the three edeetrode valve, when receiving a series of wave 
trains, is ex<ee(lini;Jy in<»(Miious. The next chaj')ter fleals with the use of the 
thret‘-electif)de valv(» as an ani]difier, <lcscril)ing not only the simple series 
of valves that are used as ampliticrs, but the valve in wliich a reaction coil Ls 
cmploy<*<l to mak<» the valve nearly solf-cxciting," 

'riio ** heterodyne " action now used so largely in valve receivers is also 
explained, in Uinpler v, the action of the valve for generating oscillations is 
dealt with very fully, and the various kinds of coupling between plate and 
grid circuit discussed. I'hc following chapter deals with the general arrange¬ 
ment of low-frequency and high-frociuency amplifying apparatus; then follows 
a short chapter on the sensitiveness of valve reception, and the next three 
chapters dctal with the chfiracteristics of the French valve, and other special 
continuous wav(» typos of valves designed for varying conditions. Some of the 
Standard C.VV. transmitter sets are next described, and the following throe 
chapters give a dctailocl accotmi of the various systems that are now used in 
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wireless telephony, including the Poulscn arc generator, and the A.lexan(lerson 
alternator for generating continuous waves. The book concludes witli a short 
account of earth-current signalling and miscellaneous valve apparatus. It 
is one which should be in the hands o£ every wireless man who has to deal with 
valves (and what wireless man docs not in these days ?). Jt is far and away the 
most complete account that has yet been published of the valve, and its uses 
in wireless telegraphy, and marks a distinct stej-) in the amount ol i^ublishcd 
information about this most vital and important instnimont. It is no exag¬ 
geration to say that the valve opens up more possibilities for signalling of all 
kinds than any other piece of apparatus that has boon brought lo j>erfeclion 
in the last half-century, and it is for tliis reason that Major Stanley's book is 
so opportune and so valuable. 

The Oliver-Sharpey Lectures on the Feeding of Nations. A Study in Applied 
Physiology. By Ernest H. Starling, C.M.G., M.B., F.R.C. 1 \, 
F.R.S., Chairman of the Royal Society Food (Wjir) Committee, 
Honorary Scientific ALdviser to the Ministry of Food. [Bp. ix -1- 146.] 
(London : Longmans, Green <Sr Co., 1919. Price 5s. net.) 

In these lectures the scientific principles on which the feeding of a nation 
should be based ^arc explained with great clearness, and it is shown how 
the application of these principles to the problem })rcsento<l by the liniitaiion 
of the food-supply of this country during the latter pari of the war enabled 
the difficult situation thus presented to be successfully handled. The con¬ 
ditions obtaining both in this country and in Germany are described, and 
the reasons for the system ol rationing adopted in this country are set out, 
The importance of the food-supply of a nation in time of war was realised 
at a very early stage in the war by the Physiological Committee of the Royal 
Society, and it is largely duo to the investigations initiated by tlio Food 
(War) Committee of the Royal Society that the necessary information was 
available when the limitation of the food-supply of the nation came about 
later. As Chairman of the Food (War) Committee, and as Scientilic Adviser 
to the Ministty of Food, Xh*of. Starling was not only in intimate contact 
with the qxiestion of food-sni>ply during the war, but was very largely respon¬ 
sible for the measures which wore adoptc<l with such succ.o.ss tor feeding 
this country in the most critical period of the war. lliis little l>o<»k slumld 
be read not only by physiologists and those interested in the study of food, 
but by all intelligent men and women. . y « 


Moments 0! Genius. By Arthur LyNcn. [Pp* 257.1 (L<»ndon: 

Philip Allen ^ Co., 1919.) 

Colonel ARTuan l.,VNcrr has pnxlucecl a very inU‘nj.stiug book. 1 le analyses 
twenty characters, namely, tw<ji typos oiich of the SoMiur, Oral<ir, Sioic, 
Beauty, Artist, Poet (Southern and English), i^hilohoplujr, MaUiomati<*ian, 
and Biologist. Examples of the three latter groupr» arc Aristoth*, Dosraites, 
Abel, Galois, Schwann, and J>arwin. ICacli charat'dor is i)rcsi‘nU‘d in a 
short essay which is selected as the mo.st <lramatic moment of tin* subject's 
life, and the subject is figured to us in a few able lines, ('olonel Lymii is 
evidently a man of very wide S3rmpathics and knowledge, possi*8sinj!| mucli 
of tlie true poetical capacity for detecting the vital spot, lie is also, wliafc 
I personally always admire, a hero-worshipper, 'fiiis is not wliat I luivc 
called a mean book written by, for, and about mean people --that is, the kind 
of book which our modern reviewers seem to deliglR in. t'olonel Lynch’s 
book is one of high ideals--after aU, the only thing worth ru<wli!ig about. 
When men become more civilised they will undorstajul that their nNal g(«ls 
are their greatest and best men, i* 
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Complete Manual of the Auxiliary Language Ido. Grammar, Grammatical 
Exercises, Key Ido-English and English-Ido Vocabularies. Revised 
by L, DE BiiAUFRoNT, President of the French Idistic Society. In 
couiormity with the decisions of the Ido Academy. [Pp. xiv-l- 194.] 
(London: Sir Isaac I*itman & Sons, 1919. l^rice 5s. net.) 

In SciLNcic I’liOGKitss of January 1920 we published some correspondence 
on tJic respective merits ot l.atiii and of Ido as an international language; 
and thib little book will enable those who are not lamiliar with the latter 
to understand Us scope and advantages. Jdo is, of course, derived very 
largely from Dr. ZainonhoPs Esperanto. The great beauty of both lan¬ 
guages consists in the extreme simplicity of their grammar anti in their 
euphonious Italian syllabication. In fact, they can bo almost called Spanish 
or Italian without the complicated grammars, h'or instance, every single 
substantive ends in 0 and every plural substantive in t, while every adjec¬ 
tive entls in a and every adverb in e. One coultl almost speak these tongues 
on this information alone ii one remembers tlmt nearly all the roots are 
Latin. Esperanto Jiad the groat delect that some consonants with circum¬ 
flex accents over them were employed—^Ihus at once limiting its adapta¬ 
bility for printing, because few founts of type contain such marked letters. 
Esperanto also differentiated the accusative case by the addition of the 
letter n ; but Ido does this only in the case of accusatives placed before the 
verb. And there are other small differences. All the same wo cannot say 
that Ido is much more euphonious than Esperanto as claimed in the Intro¬ 
duction ; and we may doubt whether it cannot be improved still further, 
and whether the appellation ** final international language will be every¬ 
where accepted. For example, would it not be better to use Latin and 
Greek roots entirely where suitable ones exist, in preference to taking occa¬ 
sional roots from German and English such as warfo " for wharf," and 
** welder " to weld, " westo " the west, and “ whisto " for whist ? This 
practice appears to us to be an unnecessary tax on the memory, because 
almost everyone knows the Latin and Greek roots and would naturally 
employ them in international speech. I once heard a great scholar main¬ 
tain that Milton's Latin verse would outlive his Parachse Lost. Why? 
because Latin an<l Greek are likely to outlast all modern languages. And I 
think tliat there is mueix in this argument. 

'iliose who have not examined little books like these laugh at artificial 
language.s because they do not understand how extremely easy it is to learn 
them. But, more than that, these artificial languages must be a very good 
training for learning natural ones--as is quite justifiably claimed in the 
h'oreword. 

After all, 1 am inclined to think that English can be made the Inter¬ 
national laiiguagc if only we would be wise enough to change our ridiculous 
irregular .s])cUing. A Lirgc nuijority of our roots are from the Latin or 
Greek, and our grammar is extnunoly simple except for our irregular verbs. 
On the other iiaiid, it is a harsh language and contains no less than thirteen 
(iitloront vowels, which arc almost always too much for foreigners. How 
ixopolett.s linglish spelling really is can be known only by those who have 
studied the innumerabJe new schemc-s of spelling which have been proposed 
during tlie last two centuries —and all of which have failed. 


E. R. 
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ERRATA 

In the January number the following words in Mr. G. H. Richardson’s 
correspondence need correction 

On page ^30, instead of 
„ impera¬ 
tive -ez 

should he 

imperative -ez 

On page 437, last paragraph but one, the passage reading “organisation ” 
as a condition is organ-iz-es-o; as an action, organ-iz-o; as a product, 
organ-iz-uro, should be placed at the end of the preceding paragraph after the 
word “ numero,” and the word printed Edileyo should he Editeyo. 

On page 438, last full line, the word printed pocas should he povas, and the 
last word, I’existo, should have an interrogation mark, thus : I’existo ? 


Fnnted by Waiso» & Vmys, 14 ., London nnd Aylesbufy, EfiglawK 
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